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Systematic characterization and pathogencity studies of a virus isolated from 
diseased marine fish, grouper, Epinephelus tauvina (ETNNV) were carried out. This virus 
was cultured on sea bass (SB) cell line. Upon infection on SB cells it induces 
characteristic cytopathic effects such as rounding and granulation of cells, localized cell 
death and detachment of cells within 3-5 days post- infection. Purification of this virus was 
performed using CsCl gradient centrifugation. It has a buoyant density of 1.30- 1.35 g/ml. 
Electron microscopic studies of negative stained, purified viral particles revealed that it is 
an icosahedral virus with a mean diameter of 28-30 nm diameter. Electron microscopic 
observation of ETNNV infected SB cells showed that this virus replicates exclusively in 
the cytoplasm and forms paracrystalline array and inclusion bodies. SDS-PAGE analysis 
of structural proteins of the purified virus resolved one major polypeptide of 
approximately 42 kDa. The nucleotide sequence of RNA1 and RNA2 of this virus was 
determined by RT-PCR, cloning and sequencing. The genome organization revealed its 
close similarity (> 75%) to fish nervous necrosis viruses and its distant relation (<29%) to 
insect nodaviruses. Based on the morphological, biochemical and genomic characteristics 
of this virus it was therefore classified as a member of the genus Betanodavirus in the 
family Nodaviridae. This virus induces typical viral nervous necrosis in the 
experimentally- infected sea bass larvae, as revealed by histopathological changes in the 
nervous tissue of infected larvae.  
Using the SB cell culture and RT-PCR, a closely related nervous necrosis virus, 
designated as guppy nervous necrosis virus (GNNV) was isolated from a diseased 
freshwater ornamental fish guppy, Poicelia reticulata. This virus was also characterized 
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and its similarities with the ETNNV were studied. Studies showed that it is a member of 
the genus Betanodavirus with close antigenic similarity to ETNNV. Experimental 
infection of ETNNV and GNNV in guppy fry showed asymptomatic infection. This 
implies the possible spread of virus from marine to freshwater fish.  
Immunological studies were carried out to evaluate the efficacy of recombinant coat 
protein of ETNNV expressed in E. coli as vaccine. Rabbit antibodies were raised against 
the purified ETNNV, coat protein of ETNNV and recombinant coat protein of ETNNV. In 
vitro virus neutralization using these rabbit antisera suggested that the coat protein of the 
ETNNV is an ideal candidate for developing the recombinant protein vaccine. To study 
the efficacy of recombinant coat protein as a vaccine in fish, adult gouramy and guppy 
were immunized with recombinant coat protein of ETNNV. In vitro neutralization of virus 
infectivity with the anti-  ETNNV recombinant coat protein antisera raised in gouramy and 
the whole body extract of immunized guppy showed that the recombinant coat protein of 
ETNNV can be used as an experimental vaccine to prevent the nervous necrosis virus 














Escalating demand for fish and shellfish products and decline in wild fish catch 
have prompted the upsurge in fish production through aquaculture (Kaushik, 1997). Over 
the last three decades, the aquaculture industry has witnessed significant growth and it  has 
been a major growth industry of the 1990s (Coelen, 1997). Unfortunately, this increase in 
aquaculture activity around the world is accompanied by outbreak of several infectious 
diseases, which occur due to viruses, bacteria, fungi and parasites resulting in major 
economic loss to the industry (Meyer, 1991). On an average, fish diseases account to 
nearly 10 percent of the total aquaculture losses every year (Leong and Fryer, 1993). Viral 
diseases of fish are a major threat to cultured fish especially during their early age. Fish 
diseases caused by viruses have been of intensive investigation since 1960s. However, 
developments in study of many of the fish virus diseases have been significantly hampered 
by lack of cell culture systems, ultrastructural and molecular studies to understand the 
biology of viral diseases.  
Prevention and control of fish diseases has been a major goal for fish disease 
specialists around the world because of their economic importance. Several methods of 
control and prevention of fish diseases have been in use, viz. drug therapy, immunization, 
test and slaughter, quarantine and restriction of movement of fish stock, destruction and 
reduction of link in the disease transmission cycle and limitation of release of toxic 
substances. The drug and antibiotic treatments have been very popular, however, there are 
many associated problems with this strategy, such as, the high cost of treatment, strict 
regulations to be followed for use of drugs, potential hazard to human and animal health, 
short-term protection offered by these treatments and their inefficacy against the viral 
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diseases. However, one of the major problems in control of fish viral diseases has been the 
location of viral carriers (Post, 1987). Therefore, of late, immunization against fish viral 
diseases has been the method of choice. Complete eradication of many disastrous viral 
diseases in higher vertebrates has been achieved by immunization, however, relatively 
limited success has been witnessed in the prevention of fish viral diseases. This difference 
in success of immunization against fish viral diseases compared to that against viral 
diseases of higher vertebrates may be because of several factors such as, existence of 
heterogeneous population of fish pathogens in aquatic environment, our limited 
understanding of fish immune response towards fish pathogens, or due to problems 
associated with vaccine delivery.  
As per the review of Evelyn (1997), there are only six commercially available fish 
vaccines. Of these, five are formalin-killed vaccines of bacterial origin, namely, Yersinia 
ruckerii, Vibrio anguillarum, V. salmonicida, V. ordalli and Aeromonas salmonicida, and 
one is a recombinant protein vaccine against Infectious pancreatic necrosis virus (IPNV). 
The bacterial vaccines have been highly immunoprotective, however, it is not known what 
specific antigens of these vaccines are involved in offering protection (Newmann, 1993; 
Stevenson, 1997) although, in many cases the protective substances are likely to be 
lypopolysacharides (Munn, 1994). Similarly, several killed vaccines of viral origin, such 
as, IPNV, Infectious hematopoitic necrosis virus (IHNV), Viral heamorrhagic septicaemia 
virus (VHSV) and Spring viraemia of carp virus (VHSV) have been developed (Leong 
and Fryer, 1993). However, the high cost of growing the virus on cell culture, their 
inactivitation and purification makes them an expensive and unattractive choice. 
Therefore, in the recent years efforts have been directed towards identifying a common 
immunogenic protein or epitope of the virus, and expressing it as recombinant protein 
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either in eukaryotic or prokaryotic expression system to use as vaccine to protect fish 
against several strains of that virus. Using the recombinant DNA technology, several 
economically viable recombinant protein vaccines of fish viruses have been developed 
(Christie, 1997; Ellis, 1997; Leong and Fryer, 1993; Lorenzen and Olesen, 1997). In 
addition, several DNA vaccines, which can express recombinant protein in vivo have also 
been developed for fish viruses (Lorenzen et al., 1999; Heppel, et al., 1998). Furthermore, 
as of now, our understanding of fish immune response towards viral pathogens is limited. 
Hence, the knowledge of local and systemic aspects of humoral and cell-mediated 
immunity involved in offering protection following immunization will be very useful so 
that the effectiveness of antigens in stimulating protective immunity could be tested and 
monitored (Ellis, 2001).       
Nervous necrosis virus has been one of the major pathogens of marine fish over the 
last ten years (Munday and Nakai, 1997; Munday et al., 2002). Devastating losses, often 
reaching 100% cumulative mortality of the affected population within a short span of 4 - 7 
days have been experienced in fish hatcheries due to fish nervous necrosis virus (NNV). 
As of now, NNV is reported to affect 32 species of fish belonging to 16 different families 
worldwide (Munday et al., 2002). In Singapore, Chua et al. (1995) reported a presumptive 
diagnosis of NNV infection in juvenile greasy grouper. Further, Chang et al. (2001) 
demonstrated that the local NNV isolates can replicate in sea bass fry (SF) cell line 
derived from Asian sea bass (Lates calcarifer). However, a detailed characterization and 
classification of local isolates has not been carried out yet. Additionally, there is no 
information on immunization trials in fish using these viral isolates. Till date, there are 
very few reports (Nakai et al., 1995; Nakai., 2000; Tanaka et al., 2001; Husgard et al., 
2001) of immunization of fish against nervous necrosis virus. Therefore, the present study 
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was aimed at detailed characterization and pathogenicity studies of NNV, and to test the 
efficacy of recombinant coat protein of NNV as vaccine against two different isolates of 
fish nervous necrosis virus obtained from marine and freshwater fish in this region. There 
are four major objectives in the present study, viz:   
1) To characterize and study the pathogenicity of nervous necrosis virus (ETNNV) 
isolated from the marine fish, grouper, Epinephelus tauvina.  
Detailed morphological and biochemical characterization of a nervous necrosis virus 
(ETNNV) isolated from a diseased grouper, was carried out. Pathogenicity of this 
virus in vitro on sea bass (SB) cells and in vivo on sea bass larvae was investigated.   
2) To determine the genome sequence of ETNNV and to express the recombinant 
coat protein in Escherichia coli.  
Total RNA isolated from ETNNV-infected SB cells was used as template for RT-PCR. 
Fragments of the coat protein gene (RNA2) and the RNA-dependent RNA polymerase 
gene (RNA1) obtained by RT-PCR were cloned, sequenced and assembled.  A 4.3 kb 
genome segment of this virus was sequenced, which contains 3007 nucleotides of 
RNA1 and 1368 nucleotides of RNA2. The coat protein of ETNNV was expressed as a 
recombinant protein in the M15 strain of E. coli.   
3) To characterize a nervous necrosis virus (GNNV) isolated from freshwater 
ornamental fish, guppy, Poicelia reticulata and to compare its characteristics, 
pathogenicity and antigenicity with the marine isolate (ETNNV). 
Using SB cell culture and RT-PCR, a nervous necrosis virus was isolated from a 
diseased freshwater ornamental fish, guppy, Poicelia reticulata. Biochemical and 
genomic characterization of this virus was carried out and, its characteristics, 
pathogenicity and antigenicity were compared with those of the marine isolate 
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(ETNNV). The antigenic similarity of this virus with the ETNNV was revealed using 
the rabbit antibody raised against the coat protein of ETNNV. 
4) To evaluate the potential of using recombinant coat protein of ETNNV as a 
candidate vaccine against the viral nervous necrosis in freshwater fish  
Adult freshwater gouramy and guppy were immunized using ETNNV recombinant 
coat protein. Efficacy of immunization was determined based on the in vitro virus 
neutralization ability of antisera from immunized gouramy and whole-body extract 
from immunized guppy. In vitro neutralization of virus infectivity was also determined 
















I.  REVIEW OF LITERATURE 
I.1 Fish viral diseases 
Intensive aquaculture and indiscriminate transport of fish species across regions 
and continents without proper regulatory measures have led to emergence of a number of 
fish viral diseases around the world. Significant losses of cultured and wild populations of 
fish occur every year due to viral diseases. In the last three decades, a lot of research work 
on fish viral diseases has been carried out, which has added to our understanding of virus 
taxonomy, characterization, pathogenicity, and molecular biology. Several useful 
diagnostics and vaccines have also been produced to control and prevent viral diseases in 
fish although, much remains to be done when compared to our understanding of human 
and veterinary viral diseases. The ever- increasing socioeconomic importance of fish 
diseases has prompted the ‘fish diseases commission’ of the Office International des 
Epizooties (OIE), to provide an ‘International Aquatic Health Code’ (OIE, 2001) for the 
proper description and control of fish and shellfish diseases. As per the description of OIE, 
the ‘Diseases notifiable to the OIE’ include those diseases which are of socioeconomic 
and/or public health importance within countries, and significant to the international trade 
in aquatic animals and aquatic animal products. The category of ‘Other significant 
diseases’, includes the diseases of current or potential international significance in 
aquaculture. According to the OIE code, the notifiable or significant fish virus diseases 
comprise of six RNA virus and five DNA virus diseases. The RNA viruses include, 
Orthomyxoviridae-Infectious salmon anemia virus (ISAV); Rhabdoviridae-Infectious 
hematopoietic necrosis virus (IHNV), Spring viramia of carp virus (SVCV), Viral 
haemorrhagic septicaemia virus (VHSV), Nodaviridae-Nervous necrosis virus (NNV), 
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and Birnaviridae-Infectious pancreatic necrosis virus (IPNV). The DNA viruses include, 
Iridoviridae-Epizootic haematopoietic necrosis virus (EHNV), Red sea bream iridovirus 
(RSIV), White sturgeon iridovirus (WSIV); Herpesviridae-Oncorhynchus masou virus 
(OMV), Salmonid herpesvirus 2 (SaHV-2), and Channel catfish herpesvirus (CCHV). As 
per the recent review by Essbauer and Ahne. (2001), viruses belonging to 11 families of 
RNA viruses and 4 families of DNA viruses affect fish. A brief classification of fish 
viruses is provided in Table- I.1.  
I.2 Nodaviridae 
Nodaviruses are a family of icosahedral viruses with about 30 nm diameter, having 
a bipartite single-stranded RNA genome encapsidated in a single virion (Matthews, 1982). 
The unique feature of this family of viruses is that the bipartite ssRNA genome is 
encapsidated in a single virion compared to other small animal viruses or known bipartite 
plant viruses wherein each RNA molecule is encapsidated in different virion particles 
(Bruenning, 1977). Both the RNAs are capped but not polyadenylated. The RNA1 codes 
for RNA-dependent RNA polymerase and the RNA2 codes for the coat protein. During 
the RNA replication, a subgenomic RNA3, which is co-terminal with RNA1 and encodes 
small proteins is synthesized. The family Nodaviridae comprises two genera: the 
alphanodaviruses that primarily infect insects and the betanodaviruses that infect fish (Ball 
et al., 2000).  
 
I.2.1 Alphanodavirus 
The genus Alphanodavirus consists of eight virus species, of which seven are 
accepted by the International Committee on Taxonomy of Viruses (ICTV) and one is 
tentatively classified as a member. 
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Table- I. 1 List of viruses affecting fish  
Viruses   References 
Single stranded (-) RNA viruses   
Orthomyxoviridae  
Eel viruses (A1B, EV1 and EV2) Nagabayashi and Wolf (1994), 
Neukirch (1985) 
Infectious salmon anemia virus (ISAV) Falk et al. (1997), 
 Mullins et al. (1998) 
Paramyxoviridae   
Paramyxovirus- like particles 
 
Winton et al. (1985), 
Neuman et al. (1986), 
Miyazaki et al. (1989) 
Rhabdoviridae                 
Genus Novirhabdovirus 
Infectious haematopoietic necrosis virus (IHNV)           
 
 
Amend et al. (1969) 
Viral haemorrhagic septicaemia virus (VHSV) Jensen (1963) 
Hirame rhabdovirus (HIRRV) Kimura et al. (1986) 
Genus Novirhabdovirus (tentative members) 
Snake head rhabdovirus (SNRV) 
Wattanavavijarn et al. (1986) 
Eel virus B12 (EEV B12) Castric et al. (1984) 
Eel virus C26 (EEV-C26) Castric et al. (1984) 
Genus Vesiculovirus (Tentative members)  
Spring viraemia of carp virus (SVCV) Fijan et al. (1971) 
Pike fry rhabdovirus (PFR) de Kinkelin et al. (1973) 
Eel virus American (EVA) Sano. (1976) 
Ulcerative disease rhabdovirus (UDRV) Frerichs et al. (1986) 
RT transcribing viruses  
Retroviridae  
Genus Epsilonretrovirus van Regenmortel et al. (2000) 
Wallaye dermal sarcoma virus (WDSV)  
Walleye epidermal hyperplasia virus type 1 
(WEHV-1)  




Perch hyperplasia virus (PHV) (tentative 
member) 
Snakehead retrovirus (SnRV) (tentative 
member) 
Single stranded (+) RNA viruses  
Coronaviridae  
Coronavirus like- agent Sano et al. (1988) 
Caliciviridae  
San Miguel sea lion virus (SMSV) Smith et al. (1980) 
Togaviridae  
Togavirus- like agents  
Salmon pancreatic disease virus (SPDV) Kent and Elston. (1987), 
 Poppe et al. (1989) 
Sleeping disease virus of rainbow trout (SDV) Castric et al. (1997) 
Erythrocytic inclusion body syndrome virus 
(EIBSV) 
Nakajima et al. (1998) 
Picornaviridae  
Picornavirus- like particles Mao et al. (1988), 
 Hetrick and Hedrick. (1993) 
Nodaviridae  
Striped jack nervous necrosis virus (NNV) Yoshikoshi and Inoue. (1990), 
 Mori et al. (1992) 
Double stranded RNA viruses  
Reoviridae  
Genus Aquareovirus Winton et al. (1987), 
Aquareovirus A (ARV-A) group                                
Aquareovirus B (ARV-B) group 
Aquareovirus C (ARV-C) group 
Aquareovirus D (ARV-D) group 
Aquareovirus E (ARV-E) group 
Aquareovirus F (ARV-F) group 
Lupianin et al. (1995) 
van Regenmortel et al. (2000) 
Birnaviridae  
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Infectious pancreatic necrosis virus (IPNV) Crane et al. (2000) 
Yellowtail ascites virus and marine fish 
birnavirus 
Hosono et al. (1996) 
John and Richards (1999) 
DNA viruses  
Double stranded DNA viruses  
Iridoviridae  
Lymphocystis disease viruses      Wolf. (1988) 
     Epizootic haematopoietic necrosis virus (EHNV) 
      
     Langdon et al. (1986), 
     Whittington and Reddacliff 
      (1995) 
 Ahne et al. (1997, 1998) 
 Bovo et al. (1993),  
Pozet et al. (1992) 
Santee-Cooper ranavirus (SCRV)  Mao et al. (1997) 
Ranavirus- like iridoviruses Bloch and Larsen. (1993), 
 Tapiovaara et al. (1998), 
 Jensen et al. (1979) 
Red sea bream iridovirus  Matsuoka et al. (1996) 
 Miyata et al. (1997) 
White sturgeon iridovirus Hedrick et al. (1990), 
 Adkison et al. (1998) 
Herpesviridae  
Shark herpes- like virus particles Leibovitz and Lebouitz. (1985) 
Ictalurid herpesvirus 1 (IcHV-1),   
Syn. channel catfish herpesvirus (CCHV) Plumb. (1989) 
Herpesvirus of cyprinid fishes Sano et al. (1985), 
 van Regenmortel et al. (2000) 
 Hedrick et al. (2000) 
Eel herpesvirus Bekesi et al. (1986), 
 Jorgensen et al. (1994) 
Salmonid herpesvirus 1 (Sal HV1) Hedrick and Sano. (1989), 
 Wolf. (1988) 
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Salmonid herpesvirus 2 (SalHV-2) Kimura and Yoshimizu. (1989) 
Epizootic epitheliotriphic disease virus (EEDV) Bradley et al. (1989) 
Esocid herpesvirus 1 (EsHV-1) Yamamoto et al. (1983),  
Wolf (1988) 
Acipenserid herpesviruses (1 and 2) Hedrick et al. (1991),  
Watson et al. (1995) 
Pleuronectid herpesvirus 1 (PIHV-1) Wolf. (1988),  
Bloch and Larsen. (1993) 
Percid herpesvirus 1 (PeHV-1) Wolf. (1988) 
 
Adenoviridae    
Adenovirus-like particles Wolf. (1988)      
Polyomaviridae  
Polyoma-like virus Kollinger et al. (1979),  
Wolf. (1988),  
LaPatra et al. (1998)    
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(van Regenmortel et al., 2000). The ICTV accepted species are Black beetle virus (BBV), 
Boolarra virus (BOV) (Reinganum et al., 1985), Flock house virus (FHV) (Dearing et al., 
1980), Gypsy moth virus (GMV), Manawatu virus (MwV) (Scotti and Fredricksen, 1987), 
New Zealand virus (NZV) and Nodamura virus (NOV) ( Scherer et al., 1968). Tentatively 
classified virus is Pariacoto virus (PaV). The prototype member of this genus, Nodamura 
virus (NOV) was originally isolated from mosquitoes (Culex tritaeniorhynchus) collected 
at the village of Nodamura near Tokyo in Japan in 1956 (Scherer and Hurlbut, 1967). 
Based on the physicochemical properties of NOV it was considered as a member of the 
family Picornaviridae, however, its genome analysis later revealed that it belongs to a 
new class of multipartite riboviruses (Newman and Brown, 1973, 1976, 1977).  
 
I.2.1.1 Virion properties and molecular biology 
Alphanodaviruses are unenveloped particles of 29-31 nm diameter. The viral 
density ranges from 1.30-1.37 g/ml (Scotti and Fredricksen, 1987) depending on the 
species of virus. Viral infectivity remains unaffected even after extraction with ether 
showing the absence of lipid membrane (Scherer, 1968; van Regenmortel et al., 2000). 
Virions are stable at acid pH (Murphy et al., 1970). The infectivity of NOV, BBV and 
FHV is stable at room temperature in 1% SDS, but BOV is inactivated (van Regenmortel 
et al., 2000). The RNA content in BBV was calculated to be about 16% of the virion 
(Hosur et al., 1987) and this has been considered as the general value of RNA content of 
alphanodaviruses (van Regenmortel et al., 2000). Alphanodaviruses contain two strands of 
RNA, a 15 S species and a 22 S species that are encapsidated within a single virion 
(Mathews, 1982). Both RNAs are messenger sense and single stranded. An m7 GpppGp 
cap structure exists at the 5’ end of these RNAs. However, they lack a poly A tail at their 
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5’ end (Newman and Brown, 1976; Dasgupta, et al., 1984; Dasmahapatra, et al., 1985). 
The 3’ ends are resistant to polyadenylation (Dasmahapatra et al., 1985). This kind of 
resistance to polyadenylation may be due to the presence of an unknown moiety at the 3’ 
end or because of the fact that the 3’ ends are sequestered in an unusually stable secondary 
structure (Dashahaptra et al., 1985). The RNA1 (22 S species) is of molecular weight 1.1 
× 10 6 Da and the RNA2 is 0.47 × 10 6 Da. The complete sequence of RNA1 is available 
for BBV and FHV but full length cDNA clone is available only for FHV (Dasmahaptra et 
al ., 1986). The RNA2 has been completely sequenced in BBV, FHV, BOV and NOV. 
Full length or near full length cDNA clones of RNA2 are available for all these viruses 
(Dasmahaptra et al., 1984; Dasgupta and Sgro, 1989). For virus infectivity both RNA1 and 
RNA2 are required (Gallgher, et al., 1983). Close serological relationship between NV, 
BBV and BOV was demonstrated by immuno-electron microscopy (Reinganum et al., 
1985).  
The most widely studied of all these alphanodaviruses are the FHV and BBV 
(Schneemann et al., 1998). Hence, the molecular characteristics for only these two viruses 
will be discussed here. The FHV RNA1 is 3107 nucleotides in length and contains one 
large open reading frame (ORF) and two small ORFs. The large ORF begins at the 40 
base and extends till the 3036 base on the RNA1. The 5’ non-coding region (NCR) 
consists of 39 nucleotides and the 3’ NCR comprises 71 nucleotides. The first 19 bases of 
the 5’ NCR can be folded into a stem-loop structure, and is expected to interfere with 
translation initiation (Kaesberg, et al., 1990). The large ORF codes for protein A (MW 
112,000), the RNA-dependent RNA polymerase or the catalytic subunit of larger complex 
(Schneemann, et al., 1998). Two small ORFs are coded by subgenomic RNA, RNA3 
located at the 3’ portion of the RNA1. The RNA3 corresponds to 2719- 3107 bases of 
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RNA1 (Guarino et al., 1984). In FHV and BBV the RNA3 encodes the proteins, B1 and 
B2. The protein B1 (10.8 kDa) is coded by the ORF at the portion 2728- 2730 on RNA1. 
It is in the same reading frame as of protein A and hence represents the C- terminal region 
of RNA dependent RNA polymerase (Guarino et al., 1984). This ORF is closed in two 
nodaviruses, BOV and NOV, which suggests that the protein B1 may be dispensable for 
viral replication cycle (Harper, 1994; Ball, 1995). The protein B2 (11.6 kDa) is translated 
in the +1 reading frame with respect to protein B1 by the ORF at the position 2738- 3058 
bases on RNA1. This ORF also exists on NOV and BOV (Harper, 1994; Ball, 1995). The 
protein B2 of FHV has recently been shown to function as an inhibitor of RNA 
interference (RNAi) activity in Drpsophila cells FHV (Li eat al., 2002). The RNA2 of 
FHV is 1410 bases in length (Dasgupta and Sgro, 1989) and contains one ORF at position 
23-1246 bases. This ORF codes for the coat protein a, the precursor of capsid proteins 
(Friesen and Rueckert, 1981; Dasgupta et al., 1984). The 5’ NCR contains 22 bases and 
the 3’ NCR comprises of 154 bases. The protein a is the precursor of the viral coat 
proteins, ß (39 kDa) and ? (4.4 kDa) (Friesen and Rueckert, 1981). The protein a is the 
most well characterized of three virus proteins because of the availability of three 
dimentional structures (Fisher and Johnson, 1993; Hosur et al., 1984).  Based on the 
structure and functional analyses, the FHV protein a has been divided roughly into three 
regions; an N- terminal region, a central region and a C- terminal region (Fisher and 
Johnson, 1993). The N-terminal region comprising 1-56 amino acids on the protein a  (407 
amino acids) is highly basic and contains 17 arginine residues within first 50 amino acids. 
This region is likely to play a role in neutralizing the negatively charged sugar-phosphate 
backbone of the viral RNA, as it is encapsidated into virions. The  central region forms the 
contiguous of the virus particle and is likely to be required for binding to cellular receptor. 
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The C- terminal region is hypothesized to be required for uncoating the viral RNAs after 
receptor mediated endocytosis (Cheng et al., 1994).  
 
I.2.1.2 Host range 
Insect nodaviruses, although very similar to each other in their physicochemical 
and antigenic properties, differ in their biological properties. They have a wide host range 
and they can replicate well in both insect and mammalian cells. The FHV has been shown 
to replicate in plants as well (Selling et al., 1990). Alphanodavirus infection in various 
hosts varies from mild to severe with or without symptoms. Gross pathology in infected 
hosts shows that the central nervous system is the target tissue of this virus, hence leading 
to neuronal degeneration and related abnormalities (Scherer et al., 1968; Murphy et al., 
1970; Garzon et al., 1990). The NOV replicates in several arthropods including 
mosquitoes, ticks, honey bees, and moth larvae (Scherer and Harbut, 1967; Bailey and 
Scott, 1973). Honeybees and moth larvae become paralysed and die upon injection with 
NOV (Bailey and Scott, 1973), however, ticks and certain types of mosquitoes such as 
Culex quinquefarciatus remain alive without any symptoms of disease (Tesh, 1980).  In 
Aedes albopictus and Toxorhynchites ambainensis upon infection, loss of balance, 
inability to fly, eventual paralysis and death were observed (Tesh, 1980). NOV also 
infects vertebrate hosts, such as mice, rabbits, guinea pig and baby chicks (Scherer and 
Hurlbut, 1967; Scherer et al., 1968).  Infected mosquitoes like, A. albopictus can transmit 
virus to newborn mice, in which it causes flaccid paralysis of hind limbs and death within 
7-14 days post- infection (Scherer and Hurlburt, 1967; Scherer et al., 1968). Muscle and 
brain were the target tissues of infection, however, muscle was more severely infected. 
Neuronal necrosis and degeneration of the paravertebral and limb skeletal muscles are the 
 18 
histopathological changes observed (Scherer et al., 1968; Murphy et al., 1970; Garzon et 
al., 1990). The key histopathological changes include complete disorganization and 
fragmentation of muscle fibres and the presence of massive quantities of NOV particles, 
often arranged in paracrystalline arrays. Weanling and adult mice, weanling rabbits, 
weanling pigs, and baby chick do not show any signs of disease. In permissive cell lines 
like, D1 Drosophila cell line, the BBV and FHV grow vigorously. On the other hand, 
NOV infected-Aedes or baby hamster kidney (BHK-21) cell lines, or BOV infected-D1 
Drosophila cells produce viruses without apparent CPE (Bailey et al., 1975; Dearing et al., 
1980; Friesen et al., 1980; Reinganum, et al., 1985). Milligram quantities of NOV can be 
cultured in larvae of wax moth Galleria mellonella (Bailey and Scott, 1973; Garzon et al., 
1978, 1990). The alphanodaviruses replicate exclusively in the cytoplasm of the host cells, 
in close association with intracytoplasmic cell membranes, endoplasmic reticulum or 
mitochondria, which support development of the virogenic stroma. The mature virus 
particles were gradually released free in the cytoplasm or are packed in the endoplasmic 
reticulum cisternae leading to vesicles filled by virus particles (Murphy et al., 1970; 




Betanodavirus infection of marine larvae and juvenile fish has been a major 
constraint in marine fish farming worldwide since the last decade (Munday et al., 2002). 
Nodavirus infection in fish has been variously termed, such as ‘viral nervous necrosis’ 
(VNN) in Japanese parrotfish (Oplegnathus fasciatus) (Yoshikoshi and Inoue, 1990), 
‘encephalomyelitis’ in turbot Scophthalmus maximus (L.) (Bloch et al., 1991), 
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‘vacuolating encephelopathy and retinopathy’ (VER) in barramundi Lates calcarifer 
(Bloch) (Munday et al., 1992; OIE, 2000). First description of a nodavirus infection 
associated with brain lesions was observed in barramundi in Australia by Glazebrook and 
Campbell (1987). Further, a detailed description of this infection was given by Callinan 
(1988) and a similar infection in European sea bass, Dicentrarchus labrax was explained 
by Bellance and Gallet de Saint-Aurin (1988). The causative agent of this disease in 
Japanese parrot fish (Temmick and Schlegel) was described as a non-enveloped, 
icosahedral virus of 34 nm diameter by Yoshikoshi and Inoue (1990). Glazebrook et al. 
(1990) reported the causative agent of this disease in barramundi, Lates calcarifer Bloch. 
as a virus of 25-30 nm diameter. Later, during 1991, Mori and his co-workers classified 
this virus as a member of the family Nodaviridae based on its properties.  
 
I.2.2.2 Members of the family 
Nodaviruses isolated from fish were collectively termed as ‘fish encephalitis 
viruses’ (FEV) by Comps et al. (1996). Frerichs et al. (1996) suggested that there is a 
single virus, ‘piscine neuropathy virus’ causing nervous necrosis disease in fish. However, 
these names were not officially accepted by ICTV. Based on their unique characteristics, 
which differentiate them from insect nodaviruses, the ICTV has classified fish nodaviruses 
in a new genus, Betanodavirus under the family Nodaviridae (Ball et al., 2000). The ICTV 
accepted fish nodavirus species are: Barfin flounder nervous necrosis virus (BFNNV), 
Dicentrarchus labrax nervous necrosis virus (DlEV), Japanese flounder nervous necrosis 
virus (JFNNV), Lates calcarifer encephalitis virus (LcEV), Redspotted grouper nervous 
necrosis virus (RGNNV), Striped jack nervous necrosis virus (SJNNV) and Tiger puffer 
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nervous necrosis virus (TPNNV). Tentative species in the genus are Atlantic halibut 
nodavirus (AHNV), and Malabar grouper nervous necrosis virus (MGNNV).    
 
I.2.2.3 Host range 
As per the recent reviews and reports, 32 species of finfishes belonging to 16 
families from 5 different orders have been known to be affected by betanodaviruses 
(Bloch et al., 1991; Breuil et al., 1991; Mori et al., 1991; Muroga, 1995; Nakai et al., 
1995; Boonyaratpalin et al., 1996; Grotmol et al., 1997; Munday and Nakai, 1997; Chi et 
al., 1999; Lai et al., 2001; Munday et al., 2002). Betanodavirus infection occurs during the 
larval and juvenile stages of the affected fish (Table-I.2) and hence they pose a major 
threat to marine hatcheries. However, in the recent years there are several reports of 
nodavirus infection during the adult stage in many marine finfish such as, European sea 
bass (Le Breton et al., 1997), grouper (Fukuda et al., 1996) and Atlantic halibut (Aspehaug 
et al., 1999). There appears to be a relation between high water temperature and nodavirus 
infection in adult sea bass. Betanodavirus infection of fish has been reported from many 
parts of the world with the exception of the African continent. Majority of the fishes 
infected are groupers, flatfish and sea bass. The geographical and species distribution of 
betanodavirus infection in marine fish has been given in the Table-I.3.   
 
I.2.2.4 Clinical signs  
There is a great commonality with regard to the clinical signs observed in the 
betanodavirus- infected fish. In general, the most common clinical signs observed relate to 
neurological abnormalities, such as uncoordinated and spiral swimming, darting, belly up 
at rest (Glazebrook et al., 1990; Yoshikoshi and Inoe, 1990; Bloch et al., 1991;  
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Table- I. 2  Important clinical features of viral nervous necrosis virus (VNN) of larval 
and juvenile fish (Munday et al., 2002) 
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Asia    
Taiwan European eel Anguilla anguilla L. Chi et al. (2001) 
 Barramundi/Asian sea bass Lates 
calcarifer Bloch 
Chi et al. (2001) 
 Red spotted grouper Epinephelus 
akaara (Temminck & Schlegel) 
Chi et al. (1997) 
 Black spotted grouper E. fuscogutatus 
(Temminck & Schlegel) 
Lai et al. (2001) 
 Pompano Trachinotus blochii 
(Lacepede) 
Chi et al. (2001) 
 Cobia Rachycentron canadum L. Chi et al. (2001) 
Indonesia Barramundi/Asian sea bass Lates 
calcarifer Bloch 
Zafran et al. (1998) 
 Humpback grouper Chromileptes 
altivelis (Valenciennes) 
Zafran et al. (2000) 
Malaysia Barramundi/Asian sea bass Lates 
calcarifer Bloch     
Awang. (1987) 
 Greasy grouper E. tauvina (Forsskal) Bondad-Reantaso et al. 
(2000) 
Philippines Greasy grouper E. tauvina (Forsskal) Bondad-Reantaso et al. 
(2000) 
Singapore Barramundi/Asian sea bass Lates 
calcarifer Bloch     
Chang et al. (1997) 
 
 Greasy grouper E. tauvina (Forsskal) Chua et al. (1995) 
  Hegde et al. (2002) 
Tahiti   Barramundi/Asian sea bass Lates 
calcarifer Bloch      
Renault et al. (1991) 
Thailand Barramundi/Asian sea bass Lates 
calcarifer Bloch      
Glazebrook et al. 
(1990) 
 Brown spotted grouper  
E. malabaricus (Bloch & Schneider) 
Danayadol et al. (1995) 
Japan Japanese sea bassLateorabrax 
japonicus (Cuvier) 
Jung et al. (1996) 
 
 Red spotted grouper Epinephelus 
akaara (Temminck & Schlegel) 
Mori et al. (1991) 
 Kelp grouper E. moara (Bleeker) Nakai et al. (1994) 
 Sevenband grouper E. septemfasciatus 
(Thunberg) 
Fukuda et al. (1996) 
 
 Striped jack Pseudocaranx dentex  
 (Bloch & Schneider) Mori et al. (1992) 
 Purplish amberjack Seriola dumerili Muroga (1995) 
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(Risso) 
 Japanese parrotfish (Oplegnathus 
fasciatus) (Temminck & Schlegel) 
Yoshikoshi and Inoe 
(1990) 
 Rock porgy O. punctatus (Temminck 
& Scniegen) 
Mori et al. (1992) 
 Barfin flounder Verasper moseri 
(Jordan & Gilbert) 
Muroga (1995) 
 Japanese flounder Paralichthys 
olivaceus (Temminck & Schlegel) 
Nguyen et al. (1994) 
 Tiger puffer Takifugu rubripes   
(Temminck & Schlegel) 
Nakai et al. (1994) 
 
   Korea Sevenband grouper E. septemfasciatus 
(Thunberg) 
Sohn and Park (1998) 
 Red drum Sciaenops ocellatus L. Oh et al. (2001) 
Europe  Atlantic cod, Gadus morhua L. Strkey et al. (2001) 
United Kingdom Dover sole Solea solea L. Strkey et al. (2001) 
 Halibut Hippoglossus hippoglossus 
(L.)   
Strkey et al. (2000) 
 
France   European sea bass Dicentrarchus 
labrax (L.) 
Breuil et al. (1991) 
 
 Shi drum Umbrina cirrosa (L.)   Comps et al. (1996) 
Greece   European sea bass Dicentrarchus 
labrax (L.) 
Le Breton et al. (1997) 
 
Italy European sea bass Dicentrarchus 
labrax (L.) 
Bovo et al. (1999) 
 
 Gilthead sea bream Sparus aurata L. Dalla Valle et al. 
(2000) 
 Shi drum Umbrina cirrosa  (L.) Bovo et al. (1999) 
Malta European sea bass Dicentrarchus 
labrax (L.) 
Skliris et al. (2001) 
Portugal European sea bass Dicentrarchus 
labrax (L.) 
Skliris et al. (2001) 
Spain   European sea bass Dicentrarchus 
labrax (L.) 
Skliris et al. (2001) 
 
Norway Halibut Hippoglossus hippoglossus 
(L.) 
Dalla Valle et al. 
(2000) 
 Turbot Schophthalmus maximus (L.) Bloch et al. (1991) 
North America        
Canada Atlantic cod Gadus morhua L. Johnson et al. (2001) 
Carribean European sea bass Dicentrarchus 
labrax (L.) 
Bellance and Gallet de 
Saint Aurin (1988) 
United States of 
America 
White sea bass Atractoscion nobilis 
(Ayres) 
Curtis et al. (2001) 
Australia      






Breuil et al., 1991; Mori et al., 1992; Boonyaratpalin et al., 1996; Grotmol et al., 1997). 
Many other common clinical signs such as, swimbladder hyperinflation in barramundi, 
European sea bass and striped jack (Breuil et al., 1991; Mori et al., 1992), paleness in 
larval barramundi and halibut (Glazebrook et al., 1990; Grotmol et al., 1997), darkening in 
juvenile halibut and turbot have also been described. In most cases, the cumulative 
mortality is very high, often reaching up to 100% of the affected fish population (Munday 
and Nakai, 1997) (Table-I.2).  
There are several reports of nodavirus infection in fish without clinical signs. Dalla 
Valle et al. (2000) showed RT-PCR detectable nodavirus in brown meager, Scieaena 
umbra L., without signs of disease. Nishizawa et al. (1997) reported that two nodaviruses, 
namely red sea bream, Pagrus major (Temminck & Schegel), nodavirus and Pacific cod, 
Gadus macrocephalus Tilesius, nodavirus, do not cause clinically detectable disease in 
their host species.    
 
I.2.2.5 Experimental infection experiments 
Experimental infection of nodavirus has been shown using many species of fish 
such as Barramundi, Lates calcarifer (Bloch) (Glazebrook et al., 1990), Striped jack, 
Pseudocaranx dentex  (Bloch & Schneider) (Arimoto et al., 1993; Nguyen et al., 1996), 
Grouper, Epinephelus malabaricus (Boonyaratpalin et al., 1996; Tanaka et al., 1998), 
European sea bass, Dicentrarchus labrax (Thiery et al., 1997; Peducasse et al., 1999; 
Skliris and Richards, 1999; Breuil et al., 2001) and Atlantic halibut (Grotmol et al., 1999; 
Chi et al., 2001). Among all these fish, the Atlantic halibut is least susceptible to 
nodavirus infection, via bath exposure to filtrates of infective tissues. However, this delay 
in infection may be related to the low temperature (6 °C) at which the experiment was 
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carried out (Grotmol et al., 1999). Infection has been shown to occur by all different 
modes of exposure like, intramuscular injection (Tanaka et al., 1998; Peducasse et al., 
1999), intraperitoneal injection (Peducasse et al., 1999), immersion (Arimoto et al., 1993; 
Boonyaratpalin et al., 1996; Grotmol et al., 1999; Peducasse et al., 1999), cohabitation 
with diseased fish (Glazebrook et al., 1990; Arimoto et al., 1993; Peducasse et al., 1999). 
However, the mortality rate varies according to the methods of exposure. Horizontal 
transmission of NNV has been demonstrated experimentally, by placing healthy striped 
jack with diseased larvae (Arimoto et al., 1993), by treating healthy fish in water 
containing infected tissue homogenate (Glazebrook et al., 1990; Arimoto et al., 1993; 
Grotmol et al., 1999; Tan et al., 2001), by addition of virus purified from diseased fish 
(Nguyen et al., 1996), or virus grown in SSN-1 cells to the fish holding tanks (Peducasse 
et al., 1999). Transmission of NNV has also been demonstrated experimentally by 
cohabitation with the asymptomatically infected seabream, Sparus aurata (Castric et al., 
2001) and sea bass (Le Breton et al., 1997). Dose dependent mortality of the infected fish 
has been demonstrated in seven band grouper, E. septemfaciatus. In Atlantic halibut, 
following bath exposure, Grotmol et al. (1999) demonstrated that there was a delay of 
about 3 days in 50% cumulative mortality with 10 fold dilutions of inoculum. There also 
exists difference between the pathogenicity based on the strain used. For example, Brueil 
et al. (2001) found that an Atlantic strain of DlEV was more pathogenic for embryos than 
the Mediterranean strain.  
Tissue distribution of this virus upon bath exposure of fish has been studied and 
this very well correlates with the observations in natural infections (Nguyen et al., 1996; 
Grotmol et al., 1999). Chi et al. (2001) demonstrated grouper nervous necrosis virus in 
gill, skeletal muscle, liver, pyloric gland, intestine, and blood cells as well as brain and 
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retina in a natural infection. The mode of entry of this virus is not clear although, from the 
results of experimental infection studies it appears that the virus entry may occur via skin 
and gut. Nguyen et al. (1996) reported that upon bath exposure in striped jack, the 
vacuolation was first observed in spinal cord in proximity to the swimm bladder, followed 
by brain and finally in the retina. They also reported hyperplasia of cutaneous epithelium, 
which was associated with the presence of viral antigen. In another experiment by 
Grotmol et al. (1999), upon bath exposure of filtered infected tissue to Atlantic halibut the 
viral antigens/lesions were first observed in the brain. Then, the virus spread occurred 
cranially and caudally to infect eye and spinal cord. Early in the disease development, 
viral antigens were also detected in oesophageal mucosa which further spread to gut 
leading to the development of vacuoles in the due course. Viral antigens and/or lesions 
were also found in the yolk sac, liver, gill, muscle and epidermis.  
 
I.2.2.6 Histopathology  
Most consistent histopathological changes observed in the nodavirus- infected fish 
include the vacuolation and necrosis of central nervous system especially in brain, spinal 
cord and eye. In the brain, the anterior part is more severely affected than the posterior 
part. Vacuoles were observed in the grey matter of the brain. Very commonly vacuoles 
have also been observed in the spinal ganglia as described in Japanese parrotfish 
(Yoshikoshi and Inoe, 1990). Grotmol et al. (1997) reported a detailed description of the  
pathology of the disease in larval and juvenile Atlantic halibut. In this case, the optic 
tectum was most severely affected and there was vacuolation of neurons of the cephalic 
ganglia of the sympathetic nervous system and the spinal ganglia. In contrast, in another 
report by Le Breton et al. (1997) the optic tectum was rarely affected in the diseased adult 
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European sea bass. The vacuoles are intracytoplasmic, however, their exact position in the 
cytoplasm is not known yet. Other common lesions observed include pyknosis, shrinkage 
and basophilia of affected cells (Yoshikoshi and Inoe, 1990), focal pyknosis and 
karyorrehexis of neural cells, granularity of the neuropils and the presence of mononuclear 
cell infiltrates (Grotmol et al., 1995). Munday et al. (1992) reported cerebral blood vessel 
lesions such as presence of eosinophilic, PAS (Periodic Acid-Schiff)-positive material in 
the walls of blood vessels and Le Breton et al. (1997) observed swelling of the 
endothelium of the cerebral blood vessels. In seve ral cases, intracytoplasmic, basophilic 
inclusions of various sizes ranging from one to five micrometer in the infected brain cells 
have been observed. For example, the inclusions were of 1 mm size in Japanese parrot fish 
(Yoshikoshi and Inoue, 1990), and barramundi (Glazebrook et al., 1990), 2-5 mm in 
European sea bass (Breuil et al., 1991) and of unspecified size in brown spotted grouper, 
Epinephelus malabaricus (Bloch and Schnieder) (Boonyaratpalin et al., 1996). Focal 
aggregates of macrophage-like cells containing viral particles scattered throughout the 
brain and retina in persistently infected but asymtomatic juvenile Atlantic halibut have 
recently been reported by Nilsen et al. (2001). In the retina, vacuolation of cellular 
components, especially of the bipolar and ganglionic nuclear layers has been observed 
(Munday et al., 1992). Small vacuoles have also been observed in the rod and cone layers 
of retina (Grotmol et al., 1995). Grotmol et al. (1997) have also described opthalmitis 
involving the lymphocyte and macrophage aggregation in the retina of affected fish. 
Additionally, Grotmol et al. (1997) have also described mild endocarditis, degeneration 
and necrosis of the gill pillar cells in the Atlaltic halibut.      
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I.2.2.7 Ultrastructural studies 
The betanodaviruses are icosahedral, non-enveloped viruses of approximately 25 
nm diameter, comprising an electron dense core of 13-21 nm surrounded by a clear layer 
of 5 nm. The virions are either membrane-bound by endoplasmic reticulum or free in the 
cytoplasm and often form paracrystalline arrays (Glazebrook et al., 1990; Bloch et al., 
1991; Breuil et al., 1991; Boonyaratpalin et al., 1996; Grotmol et l., 1997). Most 
commonly the cells containing the virions are neurons, astrocytes, oligodendrocytes and 
mircoglia (Yoshikoshi and Inoue, 1990; Bloch et al., 1991; Grotmol et al., 1997). 
However, viral particles have also been located in endothelial cells, pillar cells and 
lymphocytes attached to the endocardium, cardiac myocytes and epicardial cells (Grotmol 
et al., 1997).    
 
I.2.2.8 Diagnosis 
Detailed diagnostic procedures have been well described in many reviews 
(Munday and Nakai, 1997; Munday et al., 2002), and in the Third edition of the Office 
International des Epizooties (OIE) Diagnostic Manual for Aquatic Animal Diseases 
(2000). In general, the diagnostic methods available for detection of nervous necrosis 
virus infection in fish can be classified into five categories, viz, molecular diagnostics, 
immunological diagnostics, histopathology, electron microscopy and cell culture isolation.  
 
I.2.2.8.1 Molecular diagnostics 
Most widely used of all the available diagnostic methods are the molecular 
approaches, mainly because of their simplicity and high sensitivity. The first description 
of RT-PCR amplification of the fish nodavirus that involves primers designed on the 
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conserved region on coat protein gene (RNA2) of SJNNV has been given by Nishizawa et 
al. (1994). Using this method many strains, such as, Mediterranean strain of DlEV (Thiery 
et al., 1999b), JFNNV (Nguyen et al., 1994), RGNNV (Chi et al., 1997), (GGNNV) 
Greasy grouper nervous necrosis virus (Chang et al., 1997) and AHNV (Grotmol et al., 
2000) can be detected. However, the sensitivity of this assay depends on the strain of virus 
under test. Hence, to overcome this problem many other more specific primers have been 
designed for different strains, such as, Atlantic strain of DlEV (Thiery et al., 1999b), 
GGNNV (Huang et al., 2001) and AHNV (Grotmol et al., 2000). Few reports of nested 
PCR-based diagnostics, which are more sensitive than the single-round RT-PCR are 
available for detection of DlEV (Dalla Valle et al., 2000), and for detection of 
experimental infection of Australian barramundi (Thiery et al., 1999b). In situ 
hybridization using DIG labeled probe for the RNA2 is also available for detection of 
picogram quantities fish nervous necrosis virus. Recently, Iwamoto et al. (2001a) 
developed a combined cell-culture/RT-PCR method to expedite the detection of nodavirus 
infection.  
 
I.2.2.8.2 Immununological detection 
Immunological techniques like Enzyme-Linked Immunosorbent Assay (ELISA) 
and Fluorescent Antibody Test (FAT) have been developed to detect purified viral 
antigens or to detect viral antigens in infected tissue. Using rabbit antibodies against 
purified SJNNV, FAT and ELISA have been developed to detect SJNNV antigens in the 
infected fish (Arimoto et al., 1992; Munday et al., 1994). Similarly, there are many other 
reports on the use of ELISA to detect NNV antigen although, with variable specificity 
(Munday and Nakai, 1997; Breuil et al., 2001).  
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Alternatively,  ELISA has been developed to detect virus specific antibodies in 
infected fish, for example, Mushiake et al. (1992) developed ELISA to detect antibodies 
against SJNNV in brood-stocks of striped jack. Using a recombinant coat protein based 
ELISA, Huang et al.  (2001) detected antibodies in artificially- infected juvenile 
barramundi as early as six days post-infection with GGNNV. For screening, selection and 
monitoring of fish antibodies against the NNV in brood-stock, ELSIA has been used as in 
the case of striped jack (Mushiake et al., 1992), barfin flounder (Watanabe et al., 2000), 
and European sea bass (Breuil et al., 2000). A fluorescent antibody test (FAT) using the 
anti-SJNNV antibody to detect at least five different isolates of nodaviruses in frozen or 
paraffin-embedded sections has been developed (Office International des Epizooties, 
1995). FAT can also be used as an economical and tentative confirmatory method to 
detect NNV in impression smears of brain (Bovo et al., 1999).  
                  
I.2.2.8.3 Histopathology 
Light microscopic examination of histopathological changes such as presence of 
characteristic vacuoles and intracytoplasmic inclusion bodies in the nervous tissue of 
infected fish is a method of confirmation of NNV infection in fish (Yoshikoshi and Inoue, 
1990; Grotmol et al., 1997). The specificity of this method can be greatly enhanced with 
the use of immunological techniques like Indirect Fluorescent Antibody Test (IFAT) or 
immunoperoxidase staining.  
 
I.2.2.8.4 Electron microscopy 
Negative-staining of purified NNV from infected tissue and further observation 
using electron microscopy is a relatively easy method to detect NNV infection in fish. 
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Presence of icosahedral, 25-30 nm diameter particles visualized by electron microscopy 
can be a presumptive test for the NNV infection (Mori et al., 1992). Electron microscopic 
evidence of such particles in thin sections of 1-2% glutaraldehyde-fixed, infected fish 
tissue is another presumptive diagnostic assay. However, electron microscopy needs 
further confirmation using other diagnostic methods. 
 
I.2.2.8.5 Cell culture  
The first successful cell culture isolation of nervous necrosis virus was achieved 
using the striped snakehead cell line (SNN-1) derived from a freshwater fish (Frerichs et 
al., 1996). This cell line has been shown to be permissive for 17 different isolates of NNV 
encompassing the RGNNV, SJNNV, TPNNV and BFNNV types (Iwamoto et al., 1999). 
Virus replication is temperature-dependent. The above viruses need to be cultured at 25-
30, 20-25, 20, and 15-20 °C respectively.  However, there exists a problem associated 
with this cell line that it is persistently infected with a retrovirus (Frerichs et al., 1991). 
Hence, Iwamoto et al. (2000), derived a clone of this cell line designated E-11, which is an 
improved version of this cell line. The E-11 cell line is very useful for quantitative and 
qualitative analyses because of its ability to show stable and clear cytopathic effect (CPE), 
and to yield high quantity of virus upon infection with nervous necrosis virus (Iwamoto et 
al., 2000). Of late, several other cell lines from groupers, Epinephelus coiodes (Hamilton) 
and E. awoara (Temminck & Schlegel) (Chi et al., 2001), barramundi/Asian sea bass 
(Chong et al., 1990; Chang et al., 2001) susceptible to nervous necrosis viruses have also 




I.2.2.9 Viral structure and composition 
The first complete description of a fish nervous necrosis virus was by Mori et al. 
(1992). They described this virus as an icosahedral, single-stranded positive-sense RNA 
virus and classified it as a member of Nodaviridae. It has two RNA molecules, the RNA1 
and RNA2. The RNA1 is of 1.01× 106 Da coding for a protein of 100 kDa protein and the 
RNA2 is of  0.49 × 106 Da coding for a protein of 42 kDa. The 5’ ends of both RNA1 and 
RNA2 are capped (Iwamoto et al., 2001b) and the 3’ ends are not polyadenylated (Mori et 
al., 1992; Arimoto et al., 1993). Similar properties were also described for other fish 
nodaviruses like, DlEV and LcEV (Comps et al., 1994). Both the RNAs are largely 
resistant to polyadenylation suggesting the presence of an interfering 3’ structure 
(Iwamoto et al., 2001b). In addition to the RNA1 and RNA2, there is evidence for the 
presence of RNA3 of about 400 nt which is a subgenomic product of RNA1 in the cells of 
sea bass larvae infected with DlEV (Delsert et al., 1997). The SJNNV genomic RNA is 
infectious when transfected into E-11 cells. Upon transfection, it can induce production of 
virions that are virulent to striped jack larvae (Iwamoto et al., 2001b). Recently, a full 
length cDNA clone of SJNNV which can transcribe infectious genomic RNA has been 
constructed (Iwamoto et al., 2001b). Although the nucleotide sequences for RNA1 and 
RNA2 of SJNNV and other betanodavirus have been published (Nishizawa et al., 1995, 
1997; Delsert et al., 1997; Sideris, 1997; Aspehaug et al., 1999; Nagai and  Nishizawa,  
1999; Thiery et al., 1999a; Grotmol et al., 2000; Starkey et al., 2000), the 5’ and 3’ 
terminal sequences were not available until recently. The full length sequences of RNA1 
and RNA2 for SJNNV and greasy grouper nervous necrosis virus (GGNNV) were 
reported by Iwamoto et al. (2001b) and Tan et al. (2001) respectively.  
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Based on the genome sequence information of NNV it is clear that the RNA2 
codes for coat protein (Nishizawa, et al., 1995) and the RNA1 codes for RNA-dependent 
RNA polymerase (Nagai and Nishizawa, 1999). Detailed sequence analysis of SJNNV 
(type species of betanodavirus) RNA2 has shown that the gene is 1421 bases in length 
(Iwamoto et al., 2001b) and contains a single ORF of 1023 bases coding for a protein of 
340 amio acids. Its comparison with sequence of other strains of nodaviruses like, 
RGNNV, TPNNV, BFNNV and JFNNV has shown that there is 75.8% or greater identity 
at the nucleotide level and 80.9% or greater at amino acid level. Further, its comparison 
with insect nodaviruses has revealed that there exists 28.6% or less identity at nucleotide 
level and 10.6% or less identity at amino acid level, thus showing close relatedness among 
fish nodaviruses and their distant relation with insect nodaviruses (Nishizawa et al., 1995). 
The RNA1 sequence similarities between SJNNV and the insect nodaviruses is 28% at the 
nucleotide and amino acid levels (Nagai and Nishizawa, 1999).  
 
I.2.2.10 Antigenic similarity 
Considerable antigenic similarity between nodaviruses from striped jack, 
barramundi, European sea bass, Japanese parrotfish and redspotted grouper was 
demonstrated using a fluorescent antibody technique (FAT) based on rabbit antiserum 
against the SJNNV (Mori et al., 1992). On the contrary, an enzyme-linked immunosorbent 
assay (ELISA) using the same antiserum was only specific to SJNNV (Office 
International des Epizooties, 1995) indicating a close but not identical antigenic 
relationship between these viruses. Further, studies using monoclonal antibodies against 
SJNNV showed that there is evidence for differences between the neutralizing epitopes of 
SJNNV and other fish nodaviruses (Nishizawa et al., 1995; Nishizawa, et al., 1999).  
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Similarly, Comps et al. (1996) demonstrated relatedness between various strains of fish 
nodaviruses using in situ hybridization. 
    
I.2.2.11 Structural studies 
Of late, some studies on the structure of MGNNV have been carried out. Virus- like 
particles (VLPs) were obtained from the gene product of RNA2 of MGNNV, expressed in 
Sf21 cells with a recombinant baculovirus system. An image reconstruction analysis of the 
VLPs obtained with electron cryomicroscopy data, revealed a morphology consistent with 
T = 3 quasi-symmetry but with features significantly different from insect nodavirus 
structures at the same resolution (Lin et al., 2001). Further analyses of VLPs using 
electron cryomicroscopy (cryoEM), three-dimensional reconstruction at 23-A° resolution, 
sequence comparision of RNA2 and protein fold recognition have shown that the coat 
protein of MGNNV includes two domains resembling those of tomato bushy stunt virus 
and Norwalk virus, rather than the expected single-domain coat protein of insect 
nodaviruses (Tang et al., 2002). These structural similarities between fish nodaviruses and 
members of the tombusvirus and calicivirus groups provide significant new data for 
understanding the evolution of the nodavirus family (Tang et al. 2002).    
 
I.2.2.12 Epidemiology 
Although much remains to be understood about the epidemiological aspects of 
viral nervous necrosis, information about the means of spread of disease, and a few 
reservoirs of infections is available (Munday et al., 2002). Horizontal transmission of virus 
has been known to be the most important mode of spread. This has been confirmed by 
experimental infection studies (Glazebrook et al., 1990; Arimoto et al., 1993; Nguyen et 
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al., 1996; Grotmol et al., 1999; Peducasse et al., 1999; Tan et al., 2001). Cohabitation with 
diseased fish has also shown to transmit the virus (Le Breton et al., 1997; Castric et al., 
2001) supporting the notion that there exists the problem of asymptomatic hosts 
continuously spreading the virus. However, as of now it is not known as to how the virus 
gets sloughed off from the body to the environment. Spread of virus could also occur via 
the infected live feed. The observations of Chi et al. (2000) showing that the live baits 
collected from fish culture farms were positive for NNV supports this point. Conversely, 
the rotifers and brine shrimp appear to be insusceptible to betanodaviruses (Skliris and 
Richards, 1998). There are several factors affecting the horizontal means of transmission, 
like, stocking density (Arimoto et al., 1993), water temperature and virulence of particular 
strain of virus to the species of fish under culture (Tanaka et al., 1998). Furthermore, 
Thiery et al. (1999a) have shown that genomically distinct strains of nodavirus can infect 
populations of a particular species of fish at different geographical locations. These 
observations show the potential difficulties involved in control this virus infection. 
The risk of horizontal spread of viruses is likely to be further aided by the high 
level of resistance of this virus to many physicochemical treatments. The fish NNV can 
withstand extreme pH variations, such as pH 2-9 (Frerichs et al., 1996) and remain 
infective at 15 °C in water for more than a year (Frerichs et al., 2000).  
Vertical transmission of fish nodavirus has been strongly demonstrated in striped 
jack (Arimoto et al., 1992) and to a lesser degree in other species like, European sea bass 
(Comps et al., 1996) Japanese flounder, barfin flounder (Yoshimuzu et al., 1997) and 
Atlantic halibut (Grotmol and Totland 2000). In the case of striped jack, 65% brood-stock 
analyzed were positive for NNV. Breuil et al. (2000) showed that 17% of wild and 18% of 
farmed European sea bass were positive by ELISA. Huang et al. (2001) reported that 9% 
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of commercial brood-stock were positive for NNV. Additionally, Nguyen et al. (1997) 
observed that repeated spawning procedures lead to increased risk of presence of virus in 
reproductive organs.  
 
I.2.2.13 Control  
Epidemiological studies of viral nervous necrosis, specific diagnosis and 
preliminary trials of immunization have paved way for many methods of control of NNV. 
The best control measure would be the exclusion of virus from the hatchery/culture area, 
either by decontamination or by exclusion of virus- infected fish stock from hatcheries and 
culture area. The brood-stock to be used as spawners should be checked for the presence 
of virus, either by RT-PCR (Mushiake et al., 1994) or by screening the serum for virus 
specific antibody (Breuil et al., 2000; Watanabe et al., 2000). It is possible that in some 
cases RT-PCR many not be able to detect the virus in spawners because of very low level 
infection. In such cases, a clinically detectable disease might occur in spawners upon 
repeated spawning. Therefore, Mushiake et al. (1994) recommend that the ‘provisionally 
clean’ spawners should not be induced to spawn more than ten times in a season. 
Additionally, it is suggested that the eggs be washed in seawater with residual ozone level 
of 0.2 µg/ ml for striped jack (Arimoto et al., 1996) and 4 µg/ml for halibut (Grotmol and 
Totland, 2000). Nakai et al. (1995) recommended disinfection of eggs with iodine at 50 
µg/ml concentration for 10 min. Other control measures like, rigorous separation of larvae 
and juvenile striped jack from brood-stock, rearing of each batch of larvae/juveniles in 
separate tanks supplied with sterilized (u. v at 1.0 × 10 5 µW/ s. cm 2 or ozone at 0.1 µg/ 
ml for 2.5 min) seawater, treating utensils with chlorine at 50 µg/ ml for 10 min. Within 
hatcheries a strict regime of hygiene such as, no recycling of water, chemical sterilization 
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of influent seawater and decontamination of the tanks during every hatching cycle was 
successful in barramundi hatchery (Anderson et al., 1993). Disinfection of hatchery 
utensils with 50 ppm of sodium hypoclorite, benzalkonium chloride or iodine for 10 min 
at 20 °C is also useful for control of NNV (Arimoto et al., 1996). Reducing the stocking 
density to less than 10 larvae/L during the grow-out period has been shown to reduce 
NNV transmission to negligible level (Anderson et al., 1993). To reduce the virus spread 
across the region and continents it is recommended that the fish be screened for NNV 
using sensitive diagnostics (Munday and Nakai, 1997). Several research groups around the 
world are involved in developing a suitable immunization programme for this disease. 
Preliminary immunization trials using the recombinant coat protein of nodavirus is 
reported to be encouraging (Nakai, 2000; Tanaka et al., 2001; Husgard et al., 2001). 
However, DNA vaccines, expressing coat protein of NNV have not proven efficacious 















CHARACTERIZATION AND PATHOGENICITY STUDIES OF A 
NERVOUS NECROSIS VIRUS ISOLATED FROM GROUPER, 




A virus isolated from diseased marine fish, Grouper, Epinephelus tauvina was cultured in 
sea bass (SB) cell line, characterized, and studies of its pathogenicity were carried out.  
This virus is an icosahedral virus with a mean diameter of 28-30 nm and has buoyant 
density of 1.30-1.35 g/ml. It replicates exclusively in the cytoplasm and forms 
paracrystalline arrays and inclusion bodies in the infected cells. SDS-PAGE analysis of 
purified virus structural proteins resolved one major polypeptide of approximately 42 kDa. 
This virus induces cytopathic effects such as rounding and granulation of cells, localized 
cell death and detachment of cells within 3-5 days post- infection on sea bass larval cell 
line. Typical histopathological changes in the virus- infected sea bass larvae under 
experimental conditions showed vacuolation of nervous tissues.  
 
Key words:  characterization, grouper, nervous necrosis virus, pathogenicity.  




1.1  Introduction 
Viral nervous necrosis (VNN) caused by nervous necrosis virus (NNV) is one of 
the most important viral diseases of marine finfishes worldwide. As of recent reports and 
reviews, VNN has been reported to affect 32 different species of finfishes (Muroga 1995; 
Nakai et al., 1995; Sweetman et al., 1996; Munday and Nakai., 1997; Munday et al., 
2002). Outbreaks of VNN have been reported from many countries such as Japan (Mori et 
al., 1992), Thailand (Danayadol et al., 1995), Singapore (Chua et al., 1995), Pacific zone 
(Glazebrook et al., 1990; Renault et al., 1991) and some European countries (Bloch et al., 
1991; Breuil et al., 1991). The causative agent of this disease, the nervous necrosis virus 
has been classified as a member of the family Nodaviridae (Mori et al., 1992; Comps et 
al., 1994; Munday et al., 1994; Nishizawa et al., 1994; Tan et al., 2001). Relatively, few 
fish cell lines susceptible to fish nodaviruses have been reported till date. Following the 
first successful cell culture isolation of piscine neuropathy nodavirus on SSN-1 cells by 
Frerichs et al., 1996, several workers have reported the use of different cell lines for 
culture of NNV (Chang et al., 2001; Chi et al., 1999; Chong et al., 1987; Delsert et al., 
1997) (refer review chapter).  
Chong et al. (1987) have developed the SB cell line derived from sea bass fry, L. 
calcarifer that is susceptible to fish nodavirus infection. Several isolates of nodaviruses 
were isolated on this SB cell line by Lim et al. (1997) between 1986 and 1991, and frozen 
at –80°C in the Agri- Food and Veterinary Authority (AVA), Singapore. However, none 
of these isolates has been characterized and classified. Therefore, in this study we carried 
out characterization of one of these isolates that was obtained from grouper, Epinephelus 
tauvina, during a disease outbreak in the year 1991. Further, in this study, we looked into 
the pathogenicity of this SB cell culture grown nodavirus in larvae of Asian sea bass, L. 
 40 
calcarifer (Bloch) based on histopathological changes following infection. Although this 
isolate was obtained from grouper, for our pathogenicity study the grouper larvae were not 
used because of their frequent unavailability and difficulty in maintaining them in our 
laboratory.  
 
1.2 Materials and Methods  
            1.2.1 Cell culture   
Sea bass (SB) cell line derived from Asian sea bass larvae (Chong et al., 1987) was 
used for isolation, propagation and infectivity assays of this virus. Monolayers of sea bass 
(SB) cell cultures were grown and maintained in Eagles' Minimum Essential Medium 
(EMEM) (Sigma) supplemented with 10% heat-inactivated fetal calf serum (FCS) (Gibco 
BRL), 0.5% 1 M HEPES (Gibco BRL), 1% L-glutamine-pencillin-streptomycin solution 
(SIGMA) (200 mM L-glutamine, 10,000 U penicillin, 10 mg streptomycin per ml) and 
0.266% sodium chloride. Culture medium pH was adjusted to 7.4 with 1M NaHCO3. The 
cells were grown in 75 cm2 plastic tissue culture flasks (Greiner) at 25 °C.  For viral 
infection, EMEM with 5% heat- inactivated FCS was used.  
 
1.2.2 Viral isolate  
The virus isolate used in this study was obtained from Agricultural and Veterinary 
Authority (AVA), Singapore. This virus was isolated from a batch of diseased grouper 
(Epinephelus tuvina) fry (2 cm size) collected from a local fish farm in 1991 (Lim et al., 
 41 
1997). This isolate was designated as Epinephelus tauvina nervous necrosis virus 
(ETNNV).  
1.2.3 Tissue culture infective dose 50 (TCID 50)  
Monolayers of 5 x 105 cells were grown in each well on 96-well flat-bottom 
polystyrene plates for 36 h. The culture medium, Minimum Essential Medium with 10% 
FCS (MEM10) was removed and a volume of 20 ml of serial 10-fold dilutions of virus-
infected cell suspension was added to wells in 8 replicates. To the control wells, 20 ml of 
uninfected SB cell supernatant was added. After 1 h adsorption, 80 ml of EMEM with 5% 
heat-inactivated FCS was added to all the wells and incubated at 25 °C. Development of 
cytopathic effects (CPE) was recorded for a period of 7 days. TCID50 was calculated using 
Reed and Muench formula (1938).   
 
1.2.4 Purification of virus  
One litre of infected SB cell suspension was centrifuged at 10,800× g using 
Kubota RA 300 and the supernatant was collected. Pellet was mixed with 3 ml of TE 
buffer (100 mMTris-HCl, 1 mM EDTA, pH 7.2) and sonicated for 2 min (Sonicator 
Ultrasonic Processor XL 2020). This sonicated suspension was again centrifuged at 
10,800× g for 20 min and the supernatant was removed and added with the previous 
collection. This suspension was ultracentrifuged at 223,000× g for 2 h with Beckman 
90Ti. The collected pellet was then suspended in TE buffer and loaded onto 25-40% CsCl 
gradient and the gradient separation was performed at 145,000× g for 16 h using Beckman 
SW41Ti swinging bucket rotor. Fractions were collected and checked for the virus by 
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optical density reading at wavelength 260 and 280 nm and 12.5% SDS-PAGE. Fraction 
containing virus was diluted ten times in distilled water and spun at 197,000× g (average) 
in a SW 41 for 90 min. Pellet was resuspended in 0.5 ml of TE buffer.       
 
1.2.5 Electron microscopy 
Purified virus suspension was negatively-stained with 2% sodium 
phosphotungustate  (pH 6.8) on formawar-coated grids and viewed under the electron 
microscope (JEOL JEM 100CX). ETNNV-infected monolayers of SB cells showing 
cytopathic effects were prefixed in 2.5% glutaraldehyde followed by post- fixing in 1% 
osmium tetroxide and embedding in low viscosity Spurr resin. Ultrathin sections (90 nm) 
were stained with uranyl acetate- lead citrate and examined under the electron microscope. 
 
1.2.6 Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-
PAGE)  
SDS-PAGE is a method used for separation of proteins solely based on their 
molecular weight. The sodium dodecyl sulphate (SDS) used here is an anionic detergent 
that denatures protein and confers a net negative charge in proportion to its length. To 
break up the disulphide bridges in protein and to give individual subunits the reducing 
agent, 2- ß-mercaptoethanol is used. Therefore, when resolved on a polyacrylamide gel at 
a constant voltage the proteins separate based on their molecular weight.  
SDS-PAGE was performed according to the method of Laemmelli. (1970). 
Purified virus suspension was mixed with equal volume of sample buffer (25 ml 1M Tris 
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HCl, pH 6.8, 2 g SDS, 10 ml glycerol, 5 ml of mercaptoethanol) and heated at 100 oC for 
3 min.  The samples were first stacked on a stacking gel with non restrictive large pore 
size and later resolved on 12.5% resolving gel. The gel was run at 100 V till the gel front 
reached the bottom of the gel and stained with 0.2% silver nitrate. Molecular weight of the 
resolved polypeptides was estimated by comparing with a broad range molecular weight 
marker (Sigma).  
 
1.2.7 N-terminal sequence analysis 
Major capsid protein of 42 kDa from the purified virus was run on 12.5% SDS-
PAGE and trans-blotted on to a PVDF membrane. The N-terminal sequence analysis of 
the major coat protein was carried out using automated microsequencer (ABI Applied 
Biosystems 4778 Protein Sequencer). 
 
 
1.2.8 Polymerase chain reaction (PCR) 
Total RNA from NNV-infected SB cells was extracted using Quick Prep Total 
RNA Isolation kit (Pharmacia biotech). cDNA synthesis and PCR were performed using 
RT-PCR kit from Stratagene. PCR was performed using the primers designed based on the 
sequence of the RNA2 of nervous necrosis viruses published before. Primers, F2-R3 
(Nishizawa et al., 1994) and F0- R0 (Sideris., 1997) were used to amplify the products of 
expected size. For PCR amplification, 3 ml of the cDNA reaction mixture was mixed with 
5 ml of 10x Taq DNA polymerase buffer containing 2 mM MgCl2, 0.4 ml of 100 mM 
mixed dNTPs, 1 ml each of 10 mM primers, and made up to 50 ml. Reaction mixture was 
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heated at 91 oC for 5 min and immediately cooled to 54 oC for 5 min. Further, the reaction 
was kept at 94 oC for 45 sec, 55 oC for 45 sec and 72 oC for 1 min for 30 cycles and a final 
extension at 72 oC for 10 min. 
 
1.2.9 Polyclonal antisera against the purified virus and coat protein  
Polyclonal antibodies were raised in rabbits against the purified virus and the virus 
coat protein. For immunization with coat protein, the purified virus was resolved on 
12.5% SDS-PAGE and silver stained. The portion of gel with virus protein band of 42  
kDa was cut and frozen at -20 °C till used. The frozen gel pieces were mixed with liquid 
nitrogen and ground to powder and homogenized in 1x PBS. This homogenate was mixed 
with Freunds Complete Adjuvant (FCA) and injected into rabbits. For raising the 
antibodies against the purified virus, 0.5 ml of pure virus was mixed with 0.5 ml of FCA 
and injected intramuscularly to rabbit. Booster injection was given with 0.25 ml pure virus 
and 0.25 ml FCA on 17 d, 40 d, 55 d, 70 d after the first injection. For raising the 
antibodies against the 42 kDa virus band collected from SDS-PAGE, 0.5 ml protein 
homogenate was mixed with 0.5 ml of FCA and injected intramuscularly. The booster 
injections were given on 14 d, 21 d, 30 d, 50 d, 65 d after the first injection. Rabbits were 
sacrificed 10 d after  last injection. Blood was collected via ear vein.       
 
1.2.10 Western blotting  
Viral protein was resolved on a 12.5% SDS-PAGE and transferred to 
nitrocellulose membrane as described by Towbin et al. (1979). Non-specific sites were 
blocked using 4% non-fat milk powder. After washing three times with 1x PBS containing 
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0.1% Tween-20 (PBST) the membrane was incubated with either 1: 500 diluted rabbit 
antisera raised against pure virus or with antisera raised against the gel resolved virus coat 
protein. Further, following three washes in PBST, membrane was incubated with 1: 
10,000 diluted Goat anti-rabbit antibody conjugated to alkaline phosphatase (Sigma). 
Colour was developed using the substrate, NBT-BCIP (Roche).   
 
1.2.11 In vivo infection experiment 
Sea bass larvae of 5 mm size (14 days post-hatch) were used for the infection 
experiment. Virus- infected cell culture homogenates or gradient-purified virus suspension 
were used as virus inoculum for this study. Four different treatments and one control with 
450 larvae each were used.  Fish in the first test group (Test 1) were immersed in a virus-
infected cell suspension diluted to 6 x 105.2 TCID50 in 1 L tank for 2 h and were later 
transferred to 20 L tank with filtered seawater after thorough wash in clean seawater. Fish 
of the second test group (Test 2) were treated in a 20 L tank containing the virus 
suspension diluted to 1.5 x104.2 TCID50 and held there for the full period of experiment. 
Fish of the third test group (Test 3) were immersed in 100 ng/ml purified virus in 1 L tank 
for 2 h and later transferred to 20 L tanks with filtered seawater. In the fourth test group 
(Test 4), fish were treated with 2.5 ng/ml of purified virus suspension in 20 L tank. Fish of 
the control group (control) were immersed in 20 times diluted uninfected SB cell culture 
supernatant for 2 h and later transferred to a 20 L holding tank with filtered seawater. All 
four tests and the control were carried out in triplicates. Water temperature during the 
experiment was 28 0C. Cumulative mortality and clinical signs were recorded for a period 
of 7 days. Chi- square test was used for analyzing the statistical significance between the 
control and the virus- infected groups.     
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1.2.12 Histopathology of infected larvae 
Moribund larvae were fixed in 10% formalin and processed by routine method for 
paraffin-embedding. Five µm tissue sections were stained with hematoxylin and eosin and 
observed for histopathological changes under light microscope.  
 
1.2.13 Isolation of ETNNV from artificially-infected sea bass larvae 
Virus-infected larvae were homogenized in PBS (pH 7.4) and filtered through 0.22 
µm membrane filter. The MEM10 from the flasks (75 cm2) was removed and 3 ml of this 
homogenate was inoculated onto SB cell monolayer grown and left for 30 min for 
adsorption. Control flasks were treated with 3 ml of PBS and left for 30 min of adsorption. 
After adsorption, MEM5 was added to flasks. Development of cytopathic effect in the 
infected flasks was recorded for a period of 7 days. The TCID50 of virus was determined 
as previously mentioned.  
1.3 Results 
1.3.1 Susceptibility of cell line to virus infection 
Upon viral infection, the monolayer of SB cell line (Fig. 1.1A) exhibited typical 
CPE such as formation of granulated cells, rounding of cells, localized cell death and 
lifting of monolayer of cells within 3-5 days post infection (Fig. 1.1B). Complete 
destruction of monolayer of cells occurred 7 days post- infection. Vacuolation of the 
infected-cells was observed at higher magnification. TCID50 of the suspension of infected 
SB cells after 7 days of infection reached 107. 2/ ml.   
 47 
1.3.2 Virus purification and Electron microscopy 
Upon ultracentrifugation of virus using 25-40% CsCl gradient, the virus band was 
observed between the 30-35 % CsCl gradients. Further, the SDS-PAGE analysis and 
electron microscopic examination confirmed the presence of virus in the fractions 
collected between 30 and 35% CsCl gradients. This revealed that the virus has a buoyant 
density of 1.30-1.35 g/ml. Electron microscopic examination of ultrathin sections of the 
virus- infected SB cells showed that the virus replicates exclusively in the cytoplasm in 
association with mitochondria. It forms paracrystalline arrays and inclusion bodies in the 
infected cells (Fig. 1.2A and Fig. 1.2B). 2% PTA stained purified virus preparations from 
virus- infected SB cells revealed empty or complete icosahedral viral particles of 28-30 nm 
diameter (Fig. 1.2C).   
1.3.3 SDS-PAGE, N-terminal sequence analysis  
SDS-PAGE analysis of the viral proteins resolved one major polypeptide of 
approximately 42 kDa (Fig. 1.3, Lane- 2 and 3). N-terminal sequence analysis of this 
purified 42 kDa protein of ETNNV was MVRKGEK. 
 
1.3.4 Polymerase chain amplification of virus coat protein gene   
PCR was performed using the total RNA isolated from infected SB cells. PCR 
products of size approximately 420 bp and 1017 bp were obtained using the primers sets, 





Fig. 1.1. Photographs showing normal SB cell monolayer and cytopathic effects caused by 
ETNNV on the SB cells.  (A). Normal SB cells. The cells were grown as a confluent 
monolayer in EMEM with 10% FCS for 5 days at 25 oC. Magnification, 720 X.  (B). 
ETNNV-infected SB cells showing typical cytopathic effects. The cells were infected and 







Fig. 1.2. Electron micrographs of ETNNV. (A). Electron microscopy of ETNNV-infected 
SB cells. Virus- infected SB cells at 25 oC for 3 days showing viral particles (arrow heads) 
in cytoplasm and membrane-bound aggregates of viral particles arranged in a 
paracrystalline array.  Bar = 400 nm.  N: Nucleus. M: Degenerating Mitochondria. (B). 
Double- layered membrane-bound inclusion body with viral particles. Arrow heads 
indicate the membrane boundary. Bar = 100 nm. (C). Phosphotungstic acid (pH 6.8) 
negatively-stained ETNNV showing icosahedral, empty and full viral particles of 30 nm 











Fig. 1.3. SDS-PAGE of ETNNV viral structural proteins. ETNNV proteins were 
denatured with reducing buffer containing 2% SDS and 1% Mercaptoethanol and resolved 
on a 12.5% SDS-PAGE. Lane- 2 and 3 showing ETNNV polypeptides. Arrows indicate 
the two closely-associated bands of 42 and 40 kDa. Lane 1-Low range molecular mass 

















Fig. 1.4. Agarose gel electrophoresis of PCR products obtained using primer pairs F2-R3 











1.3.5 Antibodies and Western blotting 
In Western blotting, both antibodies bound specifically to the virus coat protein (Fig. 1.5A 
and 1.5B). However, the antibodies against the whole virus detected many non-specific 
bands also, which is due to the presence of some contaminating proteins in addition to the 
viral proteins (Fig. 1.5A).     
1.3.6 Experimental infection  
Clinical signs such as, sudden jerky movement, circling around the central axis and 
settling at the bottom of the tank were observed in all the virus- infected treatment groups.                                 
Clinical signs appeared on the 3rd day after the challenge. Average cumulative mortality of 
infected larvae in the treatment tanks T1, T2, T3 and T4 was 65%, 67 %, 76% and 83% 
respectively (Fig. 1.6). In the control tank, there was only 53% cumulative mortality. 
Highest cumulative mortality of 83% was recorded in the fourth treatment (T4), which 
was treated with purified virus at the concentration of 2.5 ng/ml. The high cumulative 
mortality of sea bass larvae in the control group could be because of handling stress. 
Statistically significant difference (p< 0.05) was observed between the control and all the 
treatment groups. Re- infection of SB cells using the homogenates of the artificially-
infected larvae induced CPE typical of this viral isolate. No CPE was noticed from the 
control fishes. To verify if there is any change in the infectivity of the re-isolated virus we 
measured the TCID50 of the infected cell suspension. The TCID50 remained at 107.2/ml. As 
a confirmation of the virus infection, RT-PCR of F2-R3 and F0-R0 fragment of the coat 
protein gene were carried out. The PCR products of expected size, about 420 bp in the F2-








Fig. 1.5. Western blot developed using rabbit antisera raised against the pure virus and the 
capsid protein. (A). Blot developed with antiserum against the pure virus. Lane-1, 
Partially purified virus, Arrow indicates the viral coat protein band; Lane-2, Recombinant 
protein; Lane-3, Prestained Protein marker (Biorad). The difference in molecular weight 
between the native coat protein and the recombinant protein are because of the 6x his tag 












Fig. 1.5B. Western blot developed using the antiserum against the viral coat protein. Lane-
1, Viral coat protein; Lane-2, Recombinant protein; Lane-3, Prestained protein marker 
(BIO-RAD).  
 














































Fig. 1.6. Infection of ETNNV on fish larvae. Fish larvae were artificially- infected with 
ETNNV at different concentrations up to 7 days. Cumulative mortality of infected larvae 








changes in the virus- infected sea bass larvae under experimental conditions were 
conspicuous vacuolation in the grey matter of brain, ganglionic layer of retina, and other 
nervous tissues (Fig. 1.7A and 1.7B). No pathological changes were observed in the retina 
and brain of the control fishes.   
 
          1.4 Discussion 
It has been reported that a number of workers have made unsuccessful attempts to grow 
fish nodavirus on cell culture (Breuil et al., 1991; Mori et al., 1991; Munday et al., 1992; 
Nguyen et al., 1994; Grotmol et al., 1995). Recently, for the first time Frerichs et al. 
(1996) achieved the cell culture isolation of piscine neuropathy nodavirus on SSN-1 cells, 
however, this cell line was reported to be persistently infected by a C-type retrovirus 
(Frerichs et al., 1991; Frerichs et al., 1996). Semi-permissive expression of Dicentrarchus 
labrax encephalitis virus on sea bass larval cells (SBL) has been reported by Delsert et al. 
(1997), however, no cytopathic effect was recorded except that numerous cytoplasmic 
vesicles were observed at higher magnification. Of late, Chi et al. (1999) reported the use 
of GF-1 cell line susceptible to Grouper nervous necrosis virus. An uncontaminated SF 
cell line, useful for isolation of nervous necrosis virus has recently been reported by 
Chang et al. (2001). Therefore, studying the usefulness of a permissive cell line ideal for 
the large-scale culture and maintenance of infectivity of the fish nervous necrosis viruses 







Fig. 1.7. Histopathology of artificially- infected fish. Sea bass larvae were fixed with 10% 
formalin and embedded in paraffin after dehydration. Five µm sections were stained in 
hematoxylin and eosin. (A). section showing vacuoles (short arrows) in the ganglionic 
tissue of brain. Magnification, 800 X. (B). section showing vacuoles (short arrows) in the 





 The SB cell line used in this study was previously developed by Chong et al. 
(1987) in AVA, Singapore. This cell line was derived from the sea bass larvae and it 
comprises mainly of fibroblastic cells. Upon viral infection, this cell line shows typical 
cytopathic effects such as rounding and granulation of cells, localized cell death and 
detachment of cells within 3-5 days post- infection. Virus titre as high as 107.2 TCID50 was 
achieved in the infected cell line.  
Electron microscopy of infected SB cells showed that ETNNV replicates in the 
cytoplasm and forms paracrystalline array and inclusion bodies. Similar observations on 
replication of fish nodavirus in the cytoplasm were also reported upon ultramicroscopic 
observations in the NNV-infected fish tissues (Yoshikoshi and Inoe, 1990; Breuil et al., 
1991; Munday et al., 1992) and cell lines (Delsert et al., 1997). In addition, observation on 
replication of insect nodaviruses in the cytoplasm of the host cells, in close association 
with the intracytoplasmic cell membranes: endoplasmic reticulum or mitochondria, that 
support the development of the virogenic stroma, has been reported (Garzon and 
Charpentier., 1991; Miller and Ahlquist, 2002). Purification performed on 25-40% CsCl 
gradient yielded pure virus particles as shown in negatively-stained preparations. Electron 
microscopy of purified negatively-stained virus revealed presence of icosahedral virus 
particles of 28-30 nm in diameter. This virus had a buoyant density of 1.3-1.35 g/ml. SDS-
PAGE analysis of structural proteins resolved one major polypeptide of approximately 42 
kDa. These findings are in accordance with the properties described previously for other 
fish nodaviruses (Mori et al., 1992; Comps et al., 1994). The N-terminal sequence analysis 
of coat protein yielded seven amino acid sequences MVRKGEK, which are similar to the 
N-terminal region of the coat protein of SJNNV. The RT-PCR products obtained from the 
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primer pair F2- R3 and F0- R0 were of size about 420 bp and 1017 bp respectively. 
Similar results were also reported for SJNNV and DlEV, where in RT-PCR products of 
size 430 bp and 1017 bp were obtained from the coat protein gene (RNA2). Therefore, 
based on the morphological, biochemical and genomic similarity to other fish nodavirus 
this virus was classified as a member of the family Nodaviridae.  
Experimental transmission of fish nervous necrosis virus was shown in larvae for 
few finfish species such as, striped jack, (Arimoto et al., 1993) Altantic halibut (Grotmol 
et al., 1999), and European sea bass (Breuil et al., 2001). In other fish species such as 
redspotted grouper, Epinephelus akara (Mori et al., 1991), brown spotted grouper, E. 
septemfasciatus (Tanaka et al., 1998), barrmundi, L. calcarifer (Glazebrook et al., 1990), 
only juvenile fish have been infected at laboratory conditions. Striped jack juvenile fish 
were reported to be less susceptible to infection (Arimoto et al., 1993) and red spotted 
grouper juveniles did not develop clinical signs. However, European sea bass juveniles are 
greatly susceptible to infection (Peducasse et al., 1999). Recently, Huang et al. (2001) 
showed pathogenicity of a regionally- isolated NNV to juveniles of barramundi, L. 
calcarifer but no mention was made with respect to histopathological changes observed. 
In the present study, all the four virus-treated groups showed typical clinical signs and 
histopathological features which correlate well with the pathological changes explained 
previously for nodavirus infections in other fishes such as European sea bass (Breuil et al., 
2001) Japanese parrot fish (Yoshikoshi and Inoue, 1990) and juvenile barramundi 
(Munday et al., 1992). Re- isolation of virus from the infected larvae on the SB cell line 
induced typical cytopathic effects. The TCID50 of the virus harvested from experimentally-
infected sea bass larvae remained identical to that produced by the original isolate, which 
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indicates that the ETNNV neither lost nor gained virulence during the experimental 
period. Similar finding by Skliris and Richards (1999) also showed that the nodavirus 
isolated from artificially- infected tilapia (Oreochromis mossambicus) did not show any 
loss of infectivity. Nevertheless, the possibility of alteration of pathogenicity of this virus 
following several cycles of experimental infection in fish and re- isolation on SB cells 




DETERMINATION OF GENOME SEQUENCE OF EPINEPHELUS TAUVINA 





The nucleotide sequence of RNA1 and RNA2 of the ETNNV was determined by RT-
PCR, cloning and sequencing. The sequenced 4.3 kb genome segment of this virus 
contains 3007 nucleotides of RNA1 and 1368 nucleotides of RNA2. The 3007 nt region of 
RNA1 contains one large open reading frame (ORF) coding for an RNA-dependent RNA 
polymerase of 982 amio acids (protein A) and two putative ORFs coding for proteins B1 
and B2 of 111 aa and 75 aa, respectively. The protein A contains 8 conserved motifs of 
RNA-dependent RNA polymerase and the GDD motif, which is the consensus sequence 
of positive strand RNA viruses. The 1368 nucleotide region of RNA2 includes one ORF 
of 1017 nt coding for the virus coat protein of 338 aa, and a stretch of 351 nt in its 3’ 
untranslated region. Nucleotide sequence analysis revealed that the sequence identity 
between the RNA2 of ETNNV and other fish nodaviruses is more than 75.8% and with 
the insect nodaviruses the identity is less than 29%, which shows its close relatedness to 
fish nodaviruses and distant relation to insect nodaviruses. The coat protein of ETNNV 
encoded by RNA2 was expressed as a recombinant protein in Escherichia coli and 
detected on Western blot using the rabbit antibody raised against the native coat protein of 
this virus. Additionally, a sensitive RT-PCR using the primers, CF1 and CR1 designed on 
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the conserved region of coat protein gene (RNA2) was developed for detection of 
ETNNV.  























2.1 Introduction  
The family, Nodaviridae includes icosahedral viruses of about 30 nm diameter, 
containing a bipartite single-stranded positive sense RNA genome encapsidated in a single 
virion (Mathews, 1982). Nodaviridae includes two genera, the ‘alphanodavirus’ that 
primarily infects insects, and the ‘betanodavirus’ that infects fish (Ball et al., 2000). The 
alphanodavirus is the most well studied virus of the family Nodaviridae (Schneemann et 
al., 1998; Ball and Johnson, 1998; van Regenmortel et al., 2000). The genome of 
alphanodavirus comprises two RNA molecules, the RNA1 of molecular weight 1.1 × 106 
Da and the RNA2 of molecular weight 0.47 × 106 Da. Both RNA1 and RNA2 carry an m7  
GpppGp cap structure at their 5’ end but they are not polyadenylated at their 3’ end  
(Newman and Brown, 1976; Dasgupta et al., 1984; Dasmahapatra et al., 1985). The 
complete nucleotide sequence of RNA2 of alphanodaviruses has been determined for 
Black beetle virus (BBV), Flock house virus (FHV), Boolarra virus (BOV) and Nodamura 
virus (NOV), and full- length or near full- length cDNA clones have been constructed 
(Dasgupta et al., 1984; Dasgupta and Sgro, 1989). However, the complete nucleotide 
sequence of RNA1 has been determined only for BBV and FHV and the full- length cDNA 
clone is available for FHV (Dasmahapatra et al., 1986). In case of betanodaviruses, the 
nucleotide sequence of RNA2 is available for many betanodaviruses (Nishizawa et al., 
1995; 1997; Delsert et al., 1997; Sideris, 1997; Aspenhaug et al., 1999; Thiery et al., 
1999a; Grotmol et al., 2000; Starkey et al., 2000; Tan et al., 2001), however, the 
nucleotide sequence of RNA1 is available only for SJNNV and GGNNV (Nagai and 
Nishizawa, 1999; Iwamoto et al., 2001b; Tan et al., 2001). The objectives of the present 
study were to determine the nucleotide sequence of RNA1 and RNA2 of ETNNV and to 
express the recombinant coat protein of ETNNV in Escherichia coli.  
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2.2 Materials and Methods  
2.2.1 RNA extraction and RT-PCR  
Total RNA was extracted from NNV-infected SB cells using Quick Prep Total RNA 
Isolation kit (Pharmecia biotech). Extracted viral RNA was used as a template for random 
hexamer-primed cDNA synthesis using the cDNA preparation kit (Stratagene). Partial 
fragments of cDNA from RNA2 were amplified by PCR using forward primers, F1, F2 
(Nishizawa et al., 1994), MF0-5’ GCATATGGTACGCAAAGGTG 3’ and Fe-
5’CGCTTTGCAAGTCAAATG3’, and reverse primers, Ro (Sideris, 1997), NNV-R3 (Grotmol 
et al., 2000), R1, R2 and R3 (Nishizawa et al., 1994) (Table-2.1A). For amplification of 
cDNA fragments of RNA1, five forward (M1, M2, M3, M4, M5) and five reverse primers 
(H1, H2, H3, H4, H5) were designed based on the sequence of RNA1 of SJNNV (Nagai 
and Nishizawa, 1999) (Table-2.1B). For PCR amplification, general PCR conditions were 
followed. Three microlitres of the cDNA reaction mixture was mixed with 5 ml of 10x Taq 
DNA polymerase buffer with 2 mM MgCl2, 0.4 ml of 100 mM mixed dNTPs, 1 ml each of 
10 mM forward and reverse primers and made up to 50 ml. Reaction mixture was heated at 
91 oC for 5 min and immediately cooled to 54 oC for 5 min. Further, the reactions were 
kept at 94 oC for 45 sec, 55 oC for 45 sec and 72 oC for 1 min for 30 cycles and a final 
extension at 72 oC for 10 min. Annealing temperature of PCR reaction was based on the 
melting temperature (Tm) of the primer pair used in PCR. Extension time for PCR was 
varied according to the expected size of the PCR product. An extension time of 1 
min/1000 base pair (bp) fragment was included in the PCR.        
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Table-2.1A. Primers used for amplification of RNA1 
  
Primer Sequence (5'-3') Approximate 
position 
M1 (Forward) CGCAAGGTTACCGTTTAGC 23-41 
M2 (Forward) GACTATTACGTGGATATGCACG 500-521 
M3 (Forward)  GATTAGTGAGTACGGTGCTGAA 913-934 
M4 (Forward) GAGCACATCACTCCAAAGATGC 1421-1442 
M5 (Forward)  TCACCGGCTTCCGTGCAGTCGC 2270-2291 
H1  (Reverse) GCATAAAGCTGACTAGGGGACCAAT 3076-3052 
H2 (Reverse) CTTAACCCAGAACGGAATGTCG 2494-2473 
H3  (Reverse) GACGACTGCAGTCTGGGTCATA 1997-1976 
H4 (Reverse) GAAATCCCTAGCCACTTTGTGC 1462-1441 




Table-2.1B. Primers used for amplification of RNA2 
 
 
Primer Sequence (5'-3') Approximate position 
on ETNNV/reference 
Fe (forward) CGCTTTGCAAGTCAAATG Nishizawa et al., 1994 
MF0 (forward) GCATATGGTACGCAAAGGTG 1-16 
F1 (Forward) GGATTTGGACGTGCGACCAA 155-174 
F2 (Forward) CGTGTCAGTCATGTGTCGCT 602-622 
R0 (Reverse) TTAGTTTTCCGAGTCAACACGG 1039-1019 
R1 (Reverse) GACAAGACTGGTGAAGCTGG 1292-1272 
R2 (Reverse) CAACAGCGTATCGCTGGAAG 479-459 
R3 (Reverse) CGAGTCAACACGGGTGAAGA 1119-1099 





2.2.2 Cloning and sequencing 
PCR product of size 1017 bp obtained using the primer pair, MFo-Ro was ligated 
to pPCR-ScriptTM Amp SK (+) vector using PCR-ScriptTM Amp cloning kit (Stratagene 
Inc., CA, USA) and transformed into E. coli strain XL 10 Gold ultracompetant cells. The 
PCR product of size 1387 bp obtained using primer pair, MFo-NNV-R3 and fragments of 
RNA1 were ligated to pGEM-T easy vector (Promega) and transformed into E. coli strain 
JM 109. This resulting plasmid was designated as pGEM-T-NNVR3. Restriction digestion 
and agarose gel electrophoresis confirmed the insertion of DNA fragments into vectors. 
Double strand sequencing of three independent clones for each cloned fragment was 
performed using the Automated DNA Sequencer ABI PRISM 377 (Perkin Elmer), 
according to the manufacturer’s protocol. 
 
2.2.3 Sequence alignment and phylogenetic analysis 
Assembly and alignment of sequenced DNA fragments was performed using 
DNASIS programme. Multiple alignment with genome sequence of other strains of fish 
nervous necrosis virus was carried out using Clustal W programme. Phylogenetic analysis 
with other strains of fish nervous necrosis virus was performed using Uniweighted Pair 
Group Method with Arithmetic Mean (UPGMA) in the Phylogenetic Analysis Using 
Parsimony (PAUP* 4.0) software package. The sequence of RNA1 and RNA2 has been 
submitted to the GenBank with the Accession numbers AF326776 and AF281657, 
respectively. For sequence analysis and comparison, nucleotide sequences with the 
following accession numbers, D30814, AJ245641, U39876, D38635, D38527, D38636, 
D38637, AF318942 and Y08700 were obtained from DNA databank.  
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2.2.4 Expression and purification of recombinant coat protein in E. coli 
PCR product including the complete ORF of ETNNV was obtained using the 
primer pair, ExF0 (5’ GCGCGCGTCGACATGGTACGCAAAGGTGAG 3’) and ExR0 
(5’ GCGCGCAAGCTTTTAGTTTTCCGAGTCAAC 3’) and, ligated to pPCR-Script SK 
(+) vector using pPCR Script Amp cloning kit from Stratagene (Stratagene Inc., CA, 
USA) and transformed into E. coli strain JM109. Restriction analysis confirmed the 
insertion of the PCR product. The resulting construct was designated as ExF0-1. Double-
strand sequencing of cloned fragment in this plasmid was determined using the Automated 
DNA Sequencer ABI PRISM 377 (Perkin Elmer), according to the manufacturer’s 
protocol.  
The ExF0-1 plasmid was double digested with Sal I and Hind III restriction 
enzymes and subjected to electrophoresis on 1% agarose gel. The ExF0-ExR0 fragment 
was isolated from the gel and ligated to pQE-31 (Qiagen). The resulting plasmid was 
termed pREP4. This plasmid with the insert ExF0- ExR0 was used to transform E. coli 
M15 strain. Colonies harbouring the pREP4 plasmid were grown overnight in Luria- 
Bertani (LB) broth with ampicillin (100 mg/ml) and kanamycin (25 mg/ml) at 37 oC. This 
culture was later transferred to a larger volume (50 ml) of LB broth containing ampicillin 
and kanamycin, and grown at 37 0C to a concentration of optical density reading 0.6 at 
600 nm. Protein expression was induced by addition of IPTG at 1mM concentration.  
To determine the solub ility of the expressed protein, 10 ml culture of the induced 
bacteria was pelletized and resuspended in 5 ml of lysis buffer (50 mM NaH2PO4, 300 nM 
NaCl, 10 mM imidazole, pH 8.0). Lysozyme was added into the lysate at 1 mg/ml and 
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incubated for 30 min. After that, the suspension was sonicated for 2 min at 200-300 w 
with 10 sec pauses and centrifuged for 10,000 g at 4 0C for 25 min. Samples collected 
from the suspension (soluble fraction) and pellet (insoluble fraction) were run on SDS-
PAGE.   
Recombinant protein was purified by 6x His affinity chromatography using the Ni-
NTA agarose beads provided with the QIAexpressionist kit. Briefly, 1 L bacteria after 6 h 
of induction at 37 0C were pelletized and resuspended in 60 ml of denaturing lysis buffer 
(8 M Urea, 100 mM NaH2PO4, 10 mM Tris- HCl, pH 8). This lysate was sonicated for 2 
min at 200-300 w with 10 sec pauses and spun at 14,000× g for 20 min. The suspension 
was centrifuged at 14000× g at 4 0C for 20 min. The supernatant was incubated with 10 ml 
of 50% Ni- NTA Superflow slurry and mixed by shaking at 200 rpm. Then the mixture 
was loaded onto the column and washed with wash buffer (8 M Urea, 100 mM NaH2PO4, 
10 mM Tris-HCl, pH 6.3). The recombinant protein was eluted out in 8 ml of elution 
buffer (buffer D)  (8 M Urea, 100 mM NaH2PO4, 10 mM Tris- HCl, pH 5.9) followed by 
elution with 8 ml of buffer E (8 M urea, 100 mM NaH2PO4, 10 mM Tris-HCl, pH 4.5). 
Eluted fractions were checked by SDS-PAGE. Fractions containing recombinant protein 
were pooled and dialyzed against 4 M Urea followed by dialysis against 1 M Urea and 1x 
PBS.  
2.2.5 Polyclonal antisera against the purified recombinant coat protein  
Polyclonal antibody against the recombinant coat protein was raised in rabbits. The 
purified recombinant coat protein was resolved on 12.5% SDS-PAGE and silver stained. 
Portion of the gel containing the recombinant protein was homogenized in 1× PBS frozen 
at -20 0C untill used. Five hundred microlitre of this homogenate was mixed with equal 
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volume of Freunds Complete Adjuvant (FCA) and injected intramuscularly into rabbit.  
Booster doses were given on 15 d, 21 d, 28 d, 35 d, 42 d and 60 d after first injection. 
Blood was collected via ear vein one week after the last injection.  
 
2.2.6 Western blot detection of recombinant protein 
Recombinant protein was resolved on a 12.5% SDS-PAGE and transferred to 
nitrocellulose membrane as described by Towbin et al. (1979). Four percent non-fat milk 
powder solution prepared in PBS was used for blocking. Membrane was washed three 
times with 1x PBS containing 0.1% Tween-20 (PBST) and incubated with 1: 500 diluted 
rabbit antiserum raised against recombinant protein. Further, following three washes in 
PBST, membrane was incubated with 1:10,000 diluted goat anti-rabbit antibody 
conjugated with Alkaline Phosphatase (Sigma). Colour was developed using the substrate, 
NBT-BCIP (Roche). The specificity of this recombinant protein was also verified using 
the rabbit polyclonal antiserum against the pure ETNNV and native coat protein as per the 
method explained in the chapter one.  
 
2.2.7 Design of specific primers for detection of NNV 
Two specific primers were designed on the sequence of NNV coat protein gene 
sequences submitted to GenBank with following accession numbers, AF245003, 
AF245004, D38635, D30814, AJ24561, U39876. Primers were located on the conserved 
region of the sequences as confirmed by multiple alignment of sequences using Clustal W 
program (Thompson et al., 1994). The sequence of forward primer, CF1 is 5’ 
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GTGGTTACGTTGCTGGCTTCCTG 3’ and the sequence of the reverse primer, CR1 is 
5’ CGTCTTGTTGAAGTTGTCCCAGATGC 3’ (location of primers is shown in bold and 
underlined letters in the Fig. 2.1A and Fig. 2.1B).  
 
2.2.8 Detection of ETNNV  
PCR amplification of CF1-CR1 fragment from the coat protein gene was obtained 
with the following PCR conditions. Three microlitre of the cDNA reaction mixture was 
mixed with 5 ml of 10x Taq DNA polymerase buffer with 2 mM MgCl2, 0.4 ml of 100 mM 
mixed dNTPs, 1 ml each of 10 mM forward (CF1) and reverse primer (CR1) and made up 
to 50 ml. This reaction mixture was heated at 94 oC for 2 min and 54 oC for 3 min. Further, 
the reaction mixture was kept for 35 cycles at 94 oC for 35 sec, 54 oC for 40 sec and 72 oC 
for 1 min. The extension phase of last step was extended by 10 min.        
2.2.9 Sensitivity of PCR 
To determine the sensitivity of this PCR using the primers, CF1 and CR1 for 
detection of ETNNV, 10 fold serial dilutions of the purified pGEM-T-NNVR3 plasmid at 
concentrations ranging from 5 ng/µl to 0.05 pg/µl were prepared. Two microlitres of each 
of the six dilutions was used in separate PCR reactions with 20 µl final volume. PCR was 
performed as explained above and the products obtained were analyzed on 1.25% agarose 






2.3.1 Nucleotide and deduced amino acid sequence of ETNNV 
A 4.37 kilobase nucleotide sequence of this viral genome has been sequenced. The 3007 
nt of RNA1 (Fig.2.1A) includes one large ORF of 2948 nt (24-2972 nt) coding for a 
protein of 982 aa. The predicted molecular mass of RNA1 and the protein encoded by 
RNA1 are 992735 Da and 110420 Da, respectively. In addition to the large ORF on the 
RNA1, there are two putative ORFs coding for proteins B1 and B2.  
 
The first putative ORF is 336 nt (2637-2972 nt) in length and codes for 111 aa protein 
(B1) with a molecular mass of 12068 Da. This ORF is in the same reading frame as that of 
the large ORF. The second putative ORF is 228 nt in length (2697- 2925 nt) and codes for 
a protein (B2) of 75 aa with a molecula r mass of 8524 Da. This ORF is in the +1 reading 
frame with respect to the large ORF. The sequenced region also includes a stretch of 23 nt 
of the 5’ untranslated region (UTR) and 35 nt on the 3’ UTR of RNA1.  
The 1368 nt region of RNA2 includes a single ORF of 1017 nt and 351 nt region 
of 3' UTR (Fig. 2.1B). This ORF codes for the virus coat protein of 338 aa with calculated 
molecular weight of 36961 Da. The N-terminus of the coat protein is rich in basic amino 
acids comprising 9 arginines and 6 lysines in the beginning 50 amino acids. Two stretches 
of arginine common to all nodaviruses were identified. The conserved D catalytic residue 
(D75 aa) at position 75 aa, which is known to be involved in capsid protein cleavage in 










1  TTAGACAACGACAAGTCTACGCC                                          23 
 
  24 ATGCGTCGCTTTGAGTTTGCACTCGCACGCATGTCTGGAGCAGCATTTTGTGTGTACACA      83                                                                              
   1  M  R  R  F  E  F  A  L  A  R  M  S  G  A  A  F  C  V  Y  T       20 
                                                                                   
84 GGCTACCGCCTGTTGACCTCAAAATGGCTCGCGGACCGTGTTGAGGATTATCGCCAACGC     143                                                                                                                                                                                  
   21 G  Y  R  L  L  T  S  K  W  L  A  D  R  V  E  D  Y  R  Q  R       40                                                                                                                                                                                  
 
  144 ATCATCGCTGAGAAGAAACAAATTCTCCGTGATGCGGCCATGATCCGTACTCAGATCCAG    203                                                                                                                                                                                  
   41  I  I  A  E  K  K  Q  I  L  R  D  A  A  M  I  R  T  Q  I  Q      60                                                                                                                                                                                  
 
  204 CGGGAAATGGAGCTGGTGCGCATCTCGGTGCGCAAAGGCCATTCCCACCAGGAAGCTGCT    263                                                                                                                                                                                  
   61  R  E  M  E  L  V  R  I  S  V  R  K  G  H  S  H  Q  E  A  A      80                                                                                                                                                                                  
 
  264 ACTGAGCGTAACAGCGCCACTGAGACCATGCTCGGTGTGGTGGAGAAATGTGGCTACGAG    323                                                                                                                                                                                  
   81  T  E  R  N  S  A  T  E  T  M  L  G  V  V  E  K  C  G  Y  E     100                                                                                                                                                                                  
 
  324 CCATATGTCATTTCTCCATCACCCCGTGAGGTTGGATACCACGGGTCACGTCAGTTCTAT    383                                                                                                                                                                                  
   101 P  Y  V  I  S  P  S  P  R  E  V  G  Y  H  G  S  R  Q  F  Y    120                                                                                                                                                                                  
 
  384 AGTCTGGCAGATTTTCGCCAAGACTACCGTCGTGATGACATCACCGACCGTCACATCATT    443                                                                                                                                                                                  
   121 S  L  A  D  F  R  Q  D  Y  R  R  D  D  I  T  D  R  H  I  I    140                                                                                                                                                                                  
   
  444 GTGATGACTGATGTTGACTACTACGTGGACATGCATGAGTTGATTGGTTTGGGTGTTCCG    503                                                                                                                                                                                  
   141 V  M  T  D  V  D  Y  Y  V  D  M  H  E  L  I  G  L  G  V  P    160                                                                                                                                                                                  
 
  504 ATATTGTTGTACACCTTCCAGCCAAGTACTGTGTCCGGAGAGGTTAAGGATGGTTACTTT    563                                                                                                                                                                                  
   161 I  L  L  Y  T  F  Q  P  S  T  V  S  G  E  V  K  D  G  Y  F    180                                                                                                                                                                                  
 
  564 ACCATCACTGACGACTCCGTTCACTACCGTGTTGCTGGCGGGAAGGATGTGCGCCACCGC    623                                                                                                                                                                                  
   181 T  I  T  D  D  S  V  H  Y  R  V  A  G  G  K  D  V  R  H  R    200                                                                                                                                                                                  
 
  624 ATCTGGAACTACAACCAGGATACCATGTATGTGTGCTCCCGACCTCGTGGTTTCTGGGCG    683                                                                                                                                                                                  
   201 I  W  N  Y  N  Q  D  T  M  Y  V  C  S  R  P  R  G  F  W  A    220                                                                                                                                                                                  
 
  684 AATCTGATGCAGATTCTGCGTGACATCACTGGTGTCACCGCGATCTGTAGCTTTCTTTAC    743                                                                                                                                                                                  
   221 N  L  M  Q  I  L  R  D  I  T  G  V  T  A  I  C  S  F  L  Y    240                                                                                                                                                                                  
 
  744 ACCAAGCTCGGTATTGCGCCCTTTGGCGACCCTGTTACCATGTTCACCGTTGATCAATTC    803                                                                                                                                                                                  
   241 T  K  L  G  I  A  P  F  G  D  P  V  T  M  F  T  V  D  Q  F    260              
 
  804 AAGATGGGTGAGCATCGTAACATCGTGTCAATTGTGCCCTTTGCAACTTGCCGTTCAAAC    863                 
   261 K  M  G  E  H  R  N  I  V  S  I  V  P  F  A  T  C  R  S  N    280                      
 
  864 CTGCTCAAGATCAGTGAGTATGGTGCTGAGTTGGAGTATATGCGCTACCAACAGCGCAAC    923                         
   281 L  L  K  I  S  E  Y  G  A  E  L  E  Y  M  R  Y  Q  Q  R  N    300                              
 
  924 AACATTGCCAACTTCAACGCAGTCACTTACATCTCTGAGAATGGGCCACTCATCAGTCTG    983                                 
   301 N  I  A  N  F  N  A  V  T  Y  I  S  E  N  G  P  L  I  S  L    320                                      
 
  984 GGTTTGGAAGGCAATTTTGCAAGCGTCCAACTTCCTCTGCAGGATTTCGAGAACATCCGC   1043                                         
   321 G  L  E  G  N  F  A  S  V  Q  L  P  L  Q  D  F  E  N  I  R    340                                              
 
  1044 ACTGCATACGAACTGTCCAAAACTAACAACTTGTCAGATACTGTTCGCCGGTCAGGGCGC  1103                                                 
   341  T  A  Y  E  L  S  K  T  N  N  L  S  D  T  V  R  R  S  G  R    360                                                     
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  1104 CCGTGCAAGGAGGCAGCTATCATCCATAAATGTCTCCAAGCCGAGTGTGCCGTCGTCAGC  1163                                                        
   361  P  C  K  E  A  A  I  I  H  K  C  L  Q  A  E  C  A  V  V  S    380                                                            
 
  1164 GAGGTCGTGCATAAACCTGGCGATCTCGCTCGTCATTACCAAGCAGTTGGTAGTGCCTAC  1223                                                               
   381  E  V  V  H  K  P  G  D  L  A  R  H  Y  Q  A  V  G  S  A  Y    400                                                                   
 
  1224 GACACTGATCCAGCCGAGCAGGGCAAGTGTTACGCCCGTGAGTATGCTCCTGGACCGTTG  1283                                                                      
   401  D  T  D  P  A  E  Q  G  K  C  Y  A  R  E  Y  A  P  G  P  L    420                                                                          
 
  1284 ACTCAAACTGCTGTATTTCCAAGTGAGTCACGTTCCAACGAGCTTGCCACAATCGACGGT  1343                                                                             
   421  T  Q  T  A  V  F  P  S  E  S  R  S  N  E  L  A  T  I  D  G    440                                                                                 
 
  1344 CGTATTGCTGGTCCGCAAGCCAAGGCAAAGAGCCGCGAGCACATAACACCTAAGATGCGC  1403                                                                                    
   441  R  I  A  G  P  Q  A  K  A  K  S  R  E  H  I  T  P  K  M  R    460                                                                                        
 
  1404 AAAGTGGCTAGGGACTTCGTGCACCATCTGGTGCCGATTGCCGGCACTGGCCGTCCCTAC  1463                                                                                           
   461  K  V  A  R  D  F  V  H  H  L  V  P  I  A  G  T  G  R  P  Y    480                                                                                               
 
  1464 CCCCTCACGTATGTCGAGGAGCAGCAGACCAAGCCGTTACAGCGGGCTCGGAATGATGCT  1523                                                                                                  
   481  P  L  T  Y  V  E  E  Q  Q  T  K  P  L  Q  R  A  R  N  D  A    500                                                                                                      
 
  1524 AACCGATATCACGATGAGTTCACTATGATGGTCAAAGCGTTCCAAAAGAAAGAAGCATAC  1583                                                                                                         
   501  N  R  Y  H  D  E  F  T  M  M  V  K  A  F  Q  K  K  E  A  Y    520                                                                                                             
 
  1584 AACGCCCCAAATTATCCCAGGAACATTTCAACCGTTCCGCATACCCAAAACGTCAAGTTA  1643                                                                                                                
   521  N  A  P  N  Y  P  R  N  I  S  T  V  P  H  T  Q  N  V  K  L    540                                                                                                                    
 
  1644 TCCAGCTACACCTACGCTTTCAAAGCCAGTGTTCTCCAGCATGTTCCGTGGTACATGCCA  1703                                                                                                                       
   541  S  S  Y  T  Y  A  F  K  A  S  V  L  Q  H  V  P  W  Y  M  P    560                                                                                                                           
 
  1704 ACGCACACACCAGCTGAAATCGCTGACGCAGTGCAAAACTTGGCTGCAAGTTCCACTGAG  1763                                                                                                                              
   561  T  H  T  P  A  E  I  A  D  A  V  Q  N  L  A  A  S  S  T  E    580                                                                                                                                  
 
  1764 CTGGTTGAAACCGACTACAGCAAGTTCGATGGCACATTCTTGCGCTTTATGCGTGAGTGC  1823                                                                                                                                     
   581  L  V  E  T  D  Y  S  K  F  D  G  T  F  L  R  F  M  R  E  C    600                                                                                                                                         
 
  1824 GTCGAATTTGCTATCTATAAGCGCTGGGTTCACCTGGACCACTTGCCAGAGTTAACAACT  1883                                                                                                                                            
   601  V  E  F  A  I  Y  K  R  W  V  H  L  D  H  L  P  E  L  T  T    620                                                                                                                                                
 
  1884 TTATTGGCTAATGAGATCCAAGCACCTGCTGTTACACGACTGGGCATCAAGTATGACCCT  1943                                                                                                                                                   
   621  L  L  A  N  E  I  Q  A  P  A  V  T  R  L  G  I  K  Y  D  P    640                                                                                                                                                       
 
  1944 GATTGCAGTCGCCTCAGTGGTTCTGCTCTCACAACCGACGGAAACAGCATTGCTAATGCT  2003                                                                                                                                                          
   641  D  C  S  R  L  S  G  S  A  L  T  T  D  G  N  S  I  A  N  A    660                                                                                                                                                              
 
  2004 TTCGTCTCATACCTTGCTGGTCGCATGGCTGGCATGGATGATGATGAAGCTTGGTCTTGG  2063                                                                                                                                                                 
   661  F  V  S  Y  L  A  G  R  M  A  G  M  D  D  D  E  A  W  S  W    680                                                                                                                                                                     
 
  2064 ATCGGCATTGTGTACGGTGATGATGGGCTCCGATCTGGTAATGTTTCAAACGAGCTCCTC  2123                                                                                                                                                                        
   681  I  G  I  V  Y  G  D  D  G  L  R  S  G  N  V  S  N  E  L  L    700                                                                                                                                                                            
 
  2124 ACCAACACTGCTTCTTCCCTCGGCTTTGACTTGAAGATAGTGAATCGCGCGCCACGCGGC  2183                                                                                                                                                                               
   701  T  N  T  A  S  S  L  G  F  D  L  K  I  V  N  R  A  P  R  G    720                                                                                                                                                                                  
 
  2184 TCTCCAGTGACATTTCTGTCTCGAGTATACCTCGATCCTTGGTCCTCACCGGCTTCCGTG  2243                                                                                                                                                                                  
   721  S  P  V  T  F  L  S  R  V  Y  L  D  P  W  S  S  P  A  S  V    740                                                                                                                                                                                  
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  2244 CAGTCGCCATTAAGAACATTGTTGAAATTGCACACCACCTGTGATACCCAGTCAGAGATT  2303                                                                                                                                                                                  
   741  Q  S  P  L  R  T  L  L  K  L  H  T  T  C  D  T  Q  S  E  I    760                                                                                                                                                                                  
 
  2304 GACGACATTGGCTGGGCTAAGACACAGGCATATTTGGTCACTGATAGCAAGACACCTTTT  2363                                                                                                                                                                                  
   761  D  D  I  G  W  A  K  T  Q  A  Y  L  V  T  D  S  K  T  P  F    780                                                                                                                                                                                  
 
  2364 ATTGGTCATTGGTGCCGGGCTTATCAGAGAAATTGCACTGCACGTGTGGTCCAGTATGCA  2423                                                                                                                                                                                  
   781  I  G  H  W  C  R  A  Y  Q  R  N  C  T  A  R  V  V  Q  Y  A    800                                                                                                                                                                                  
 
  2424 GACTACGCTGACATTCCATTCTGGGTGAAGAACGACGACCACGTTGGCAACTCGTGGCCG  2483                                                                                                                                                                                  
   801  D  Y  A  D  I  P  F  W  V  K  N  D  D  H  V  G  N  S  W  P    820                                                                                                                                                                                  
 
  2484 CAGTCTGAATCCGATGACTGGAATGACATTGTAGCCAACGAGCTTGGCGTCACCACCGCT  2543                                                                                                                                                                                  
   821  Q  S  E  S  D  D  W  N  D  I  V  A  N  E  L  G  V  T  T  A    840                                                                                                                                                                                  
 
  2544 GAGCTGTTGAAGCATCTTGCACTTCTGGATGCTTATGCTGGTCCCATCAGTGGCCTCCCA  2603                                                                                                                                                                                  
   841  E  L  L  K  H  L  A  L  L  D  A  Y  A  G  P  I  S  G  L  P    860                                                                                                                                                                                  
 
  2604 CGTCTGACAACATCAATCGATTTGGAACCAAAGATGTCTGTCGCATTAGATGGGGAGATC  2663                                                                                                                                                                                  
   861  R  L  T  T  S  I  D  L  E  P  K  M  S  V  A  L  D  G  E  I    880                                                                                                                                                                                  
                             
  2664 CAAGCCGGTCCTAGTCAAAACAAAACTAGCAAGGATGGAACAAATCCAACAAGCGATCGA  2723                                                                                                                                                                                  
   881  Q  A  G  P  S  Q  N  K  T  S  K  D  G  T  N  P  T  S  D  R    900                                                                                                                                                                                  
                                          M  E  Q  I  Q  Q  A  I  D     9  
  2724 TCAGCACCTCGTCGAGCTCGAGCAACTCTTCCAGGTGATGATGGACACGCGCGTCGCTCT  2783                                                                                                                                               
   901  S  A  P  R  R  A  R  A  T  L  P  G  D  D  G  H  A  R  R  S    920                                                                                                                                                   
         Q  H  L  V  E  L  E  Q  L  F  Q  V  M  M  D  T  R  V  A  L    29   
  2784 CGGCGGAGTGACCGCGATCCAGGTAAACGAGATGCGCACGTTCGTGATAAACGCCCACGC  2843                                                                           
   921  R  R  S  D  R  D  P  G  K  R  D  A  H  V  R  D  K  R  P  R    940                                                                               
         G  G  V  T  A  I  Q  V  N  E  M  R  T  F  V  I  N  A  H  A    49 
  2844 CGCAGCTCGCCGCCTACACGTCCTGTCACGCCGGTTCCCACCCCTTCCAGCGGTGATCGA  2903                                                                                                                                                                                  
   941  R  S  S  P  P  T  R  P  V  T  P  V  P  T  P  S  S  G  D  R    960             
         A  A  R  R  L  H  V  L  S  R  R  F  P  P  L  P  A  V  I  E    69 
  2904 GGAACCGAAGGAGACGGACTAGGCCGAGCTGCTGTGCGTCAGCGTCAGCGACGTCGCACT  2963                                                                                                                                                                                  
   961  G  T  E  G  D  G  L  G  R  A  A  V  R  Q  R  Q  R  R  R  T    980                                                                                                                                                                                  
         E  P  K  E  T  D  *                                           75 
  2964 CAAGTGTAGACAGGCCACTTGCCTGCTCCCACCCCCTGGACCGT                  3007                                                                                                                                     




Fig. 2.1. cDNA nucleotide sequences and deduced amino acid sequences of RNA1 and 
RNA2 of ETNNV. 1A. cDNA nucleotide sequence and deduced amino acid sequence of 














   1                                                                    70 
   ATGGTACGCAAAGGTGAGAAGAAATTGGCAAAACCCGCGACCACCAAGGCCGCGAATCCGCAACCCCGCC 
   M  V  R  K  G  E  K  K  L  A  K  P  A  T  T  K  A  A  N  P  Q  P  R  R   
71                                                                   140   
GACGTGCTAACAATCGTCGGCGTAGTAATCGCACTGACGCACCTGTGTCTAAGGCCTCGACTGTAACTGG 
  R  A  N  N  R  R  R  S  N  R  T  D  A  P  V  S  K  A  S  T  V  T  G   
141                                                                  210                                                                   
ATTCGGACGTGGGACCAATGACGTCCATCTCTCAGGTATGTCGAGAATCTCCCAGGCCGTCCTCCCAGCC 
 F  G  R  G  T  N  D  V  H  L  S  G  M  S  R  I  S  Q  A  V  L  P  A       
211                                                                  280 
GGGACAGGAACAGACGGATACGTTGTTGTTGACGCAACCATCGTCCCCGACCTCCTGCCACGACTGGGAC 
G  T  G  T  D  G  Y  V  V  V  D  A  T  I  V  P  D  L  L  P  R  L  G  H     
281                                                                  350 
ACGCTGCTAGAATCTTCCAGCGATACGCTGTTGAAACACTGGAGTTTGAAATTCAGCCAATGTGCCCCGC 
  A  A  R  I  F  Q  R  Y  A  V  E  T  L  E  F  E  I  Q  P  M  C  P  A     
351                                                                  420 
AAACACGGGCGGTGGTTACGTTGCTGGCTTCCTGCCTGATCCAACTGACAACGATCACACCTTCGACGCG 
 N  T  G  G  G  Y  V  A  G  F  L  P  D  P  T  D  N  D  H  T  F  D  A   
421                                                                  490 
CTTCAAGCAACTCGTGGTGCAGTCGTTGCCAAATGGTGGGAAAGCAGAACAGTCCGACCTCAGTACATTC 
L  Q  A  T  R  G  A  V  V  A  K  W  W  E  S  R  T  V  R  P  Q  Y  I  R  
491                                                                  560 
GCACGCTCCTCTGGACCTCGTCGGGAAAGGAGCAGCGTCTCACGTCGCCTGGTCGGCTGATACTCCTGTG 
  T  L  L  W  T  S  S  G  K  E  Q  R  L  T  S  P  G  R  L  I  L  L  C    
561                                                                  630 
TGTCGGCAACAACACTGATGTGGTCAACGTGTCAGTGCTGTGTCGCTGGAGTGTTCGACTGAGCGTTCCA 
 V  G  N  N  T  D  V  V  N  V  S  V  L  C  R  W  S  V  R  L  S  V  P  
631                                                                  700      
TCTCTTGAGACACCTGAAGAGACCACCGCTCCCATCATGACACAAGGTTCCCTGTACAACGATTCCCTTT 
S  L  E  T  P  E  E  T  T  A  P  I  M  T  Q  G  S  L  Y  N  D  S  L  S 
701                                                                  770 
CCACAACTGACTTCAAGTCCATCCTCCTAGGATCCACACCACTGGACATTGCCCCTGATGGAGCAGTCTT 
  T  T  D  F  K  S  I  L  L  G  S  T  P  L  D  I  A  P  D  G  A  V  F 
771                                                                  840 
CCAGCTGGACCGTCCGCTGTCCATTGACTACAGCCTTGGAACTGGAGATGTTGACCGTGCTGTTTATTGG 
 Q  L  D  R  P  L  S  I  D  Y  S  L  G  T  G  D  V  D  R  A  V  Y  W  
841                                                                  910 
CACCTCAAGAAGTTTGCTGGAAATGCTGGCACACCTGCAGGCTGGTTTCGCTGGGGCATCTGGGACAACT 
H  L  K  K  F  A  G  N  A  G  T  P  A  G  W  F  R  W  G  I  W  D  N  F 
911                                                                  980 
TCAACAAGACGTTCACAGATGGCGTTGCATACTACTCTGATGAGCAGCCCCGTCAAATCCTGCTGCCTGT 
  N  K  T  F  T  D  G  V  A  Y  Y  S  D  E  Q  P  R  Q  I  L  L  P  V  
981                                                                  1050 
TGGCACTGTCTGCACCAGGGTTGACTCGGAAAACTAACCGGGTCATCCGGTTCCCTAGTGCGTATCGTTG 
 G  T  V  C  T  R  V  D  S  E  N  *   
1051                                                                1120    
ATGACCAATTTGAACAATTGATTAAAGCACTAACAAACATAAATAAAGAAATACAAACAAACAAAACTGA 
1121                                                                1190 
AATTGGAAAGAATAGAAGCGAAATTGAATCACTCGCTAGCAAATTAAACGACAAAGCACCCAAGGAGGGT 
1191                                                                1260    
GCGATTGCTATTGTTGGTACCCTTGACGGCGTACCGGCTACGCTTGAAGGCCTATACACGGCTGGAAGCG 
1261                                                                1330 
CGCCGCGTGCTTAATTGGGTGCCAGTGGTACCAGTCGTATCCAACGCCGAGGAAGTCCCTCTTTGGGCTG 
1331                                  1368                                
TTGGGTTACCGTTAGCTCCGCGCAGTGAGCACCACCGC 
 
Fig. 2.1B. cDNA nucleotide sequence and deduced amino acid sequence of RNA2. The 
underlined amino acid sequences refer to conserved arginine residues (24-25 aa & 29-31 
aa) and the D catalytic residue (75 aa).   
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2.3.2 Comparison of with other fish nodaviruses 
2.3.2.1 Nucleotide sequence   
The genome sequence organization of ETNNV is very similar to that of other fish 
nodaviruses. The 3007 nt of RNA1 is 80% identical to the SJNNV at nucleotide level and 
54% identical to insect nodaviruses, BBV and FHV.  The RNA2 of ETNNV has 75.2% 
identity with RNA2 of SJNNV and 81.4 % identity with RNA2 of DlEV (Fig. 2.2A, 2B, 
2C). The complete ORF of ETNNV is 6 nucleotides shorter than that of the SJNNV. 
Identity of nucleotides in the ORF of ETNNV with the SJNNV is 76.0% and with the 
DlEV the identity is 84%. The 351 nt of the 3' UTR of ETNNV shares 72.9%, 73.8% and  
76.5% identity with SJNNV, DlEV and AH95NorA, respectively. There is a small stretch 
of 21 nt starting at the position 1104 nt of RNA2, which is absent in SJNNV and DLEV 
but present in AH95NorA and ETNNV. Additionally, there are two stretches of 3 nt each 
starting at position 1083 nt and 1092 nt, which are common to ETNNV and AH95NorA, 
but absent in SJNNV and DlEV. The phylogenetic analysis of T4 region (conserved 
region) of ETNNV and other fish nodaviruses shows that the ETNNV belongs to the 
RGNNV clade (Fig.  2.3). These two viruses share 98.9% identity at both nucleotide and 
amino acid sequence level.   
 
2.3.2.1 Deduced amino acid sequence  
At the amino acid sequence of the large protein (982 aa) encoded by RNA1 there is 
87% identity compared to the RNA-dependent RNA polymerase (RDRP) of SJNNV. The 
sequence identity with the RDRP of insect nodaviruses, BBV and FHV is 31%. Eight 
conserved motifs identified in RDRP of SJNNV were found on this protein (Fig.1a). All 
these motifs are located exactly at the same position as on the RDRP of SJNNV. Of these, 
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6 motifs are same as those located on the RDRP of insect nodaviruses. The GDD motif, 
which is the consensus sequence of the positive strand RNA viruses also exists on this 
protein. The amino acid identity of the coat protein encoded by RNA2 of ETNNV with 
that of other strains of fish nervous necrosis viruses is more than 81%. At the conserved 
region of the coat protein (83-216 aa), the amino acid identity with SNNNV is 94.9% and, 
with DlEV the identity is 91.9%. The PAN epitope identified on the coat protein of 
SJNNV does not exist on the coat protein of ETNNV; instead, it is replaced by the PDG 
epitope. 
 
2.3.3 SDS-PAGE analysis and western blotting  
SDS-PAGE analysis and the western blotting using the rabbit antibody against the 
native coat protein of ETNNV confirmed the expression of recombinant coat protein of 45 
kDa molecular weight (Fig. 2.4 and Fig. 2.5). The uninduced control bacterial lysate did 
not react with the rabbit antibody in the western blotting.  
 
2.3.4 Detection of ETNNV using conserved primers  
PCR product of expected size, 560 bp was obtained by using the specific primers, 
CF1 and CR1. This PCR system can detect as low as 41 copies of pGEM-T-NNVR3 



















Percentage similarity at nucleotide level 
 
 1 2 3 4 5 6 7 8  
1  80.4 84.2 80.8 97.2 98.9 75.8 76.6 1. ETNNV 
2 87.7  77.1 98.4 80.2 80.7 74.1 75.8 2. AH95N0rA 
3 89.5 83.7  77.6 84.1 83.7 73.1 74.5 3. DlEV 
4 88.0 97.1 83.7  80.6 81.2 74.1 76.5 4. BFNNV 
5 97.8 87.7 89.9 88.4  97.5 75.5 77.0 5. JFNNV 
6 98.9 88.0 89.5 88.4 98.2  75.7 76.0 6. RGNNV 
7 81.9 80.4 79.7 80.4 82.2 81.5  77.9 7. SJNNV 
8 82.2 81.2 80.4 82.6 82.2 81.9 83.1  8. TPNNV 
 1 2 3 4 5 6 7 8  
 






Fig. 2.2. Comparison of nucleotide and amino acid sequences. 2A. Nucleotide and amino 
acid sequence identity in the T2 region (region of RNA2 amplified using primers F1-R3) 
of RNA2 in different strains of fish nervous necrosis virus. Identities obtained using 

















ETNNV           ATGGTACGCAAAGGTGAGAAGAAATTGGCAAAACCCGCGACCACCAAGGCCGCGAATCCG 60 
RGNNV           ------------------------------------------------------------ 
JFNNV           ------------------------------------------------------------ 
DLEV            ATGGTACGCAAGGGTGAGAAGAAATTGGCTAAAACAGCGACCACCAAGGCCGCTAATCCC 60 
AH95Ori         -----------------TAAGAAATTGGCTAAACCAGCGACCACAAAGGCCGTTAATCCC 43 
BFNNV           ------------------------------------------------------------ 
SJNNV           ATGGTACGCAAAGGTGATAAGAAATTGGCAAAACCCCCGACCACAAAGGCCGCCAATTCT 60 
TPNNV           ------------------------------------------------------------ 
                                                                             
 
ETNNV           CAACCCCGCCGACGTGCTAACAATCGTCGGCGTAGTAATCGCACTGACGCACCTGTGTCT 120 
RGNNV           ------------------------------------------------------------ 
JFNNV           ------------------------------------------------------------ 
DLEV            CAACCCCGTCGACGTGCCACCAACCGGCGGCGTAGTAATCGACCTGACGCGCCTTTAGCA 120 
AH95Ori         CAGCCCCGTCGACGCAACAACAACCGTCGGCGTGGCATGAGAGCGGATGCACCTTTAGCT 103 
BFNNV           ------------------------------------------------------------ 
SJNNV           CAACCACGTCGACGTGCAACACAGCGCCGTCGCAGTGGTAGGGCTGATGCACCCTTAGCT 120 
TPNNV           ------------------------------------------------------------ 
                                                                             
 
ETNNV           AAGGCCTCGACTGTAACTGGATTCGGACGTGGGACCAATGACGTCCATCTCTCAGGTATG 180 
RGNNV           --------------------------------------TGACGTCCATCTCTCAGGTATG 22 
JFNNV           --------------------------------------AGACGTCCATCTCTCAGGTATG 22 
DLEV            AAGGCTTCGACTGTCACGGGATTTGGACGTGGGACCAATGACGTCCATCTCTCGGGTATG 180 
AH95Ori         AAGGCCTCGACTATCACGGGATTTGGACGTGGGACCAATGACGTCCATCTCACGGGTATG 163 
BFNNV           --------------------------------------TGACGTCCATCTCACGGGTATG 22 
SJNNV           AAGGCATCGACTATCACGGGATTTGGACGTGCGACCAATGATGTCCATATCTCGGGAATG 180 
TPNNV           --------------------------------------TGATGTCCACCTCTCAGGAATG 22 
                                                       ** *****  ** * ** *** 
 
ETNNV           TCGAGAATCTCCCAGGCCGTCCTCCCAGCCGGGACAGGAACAGACGGATACGTTGTTGTT 240 
RGNNV           TCGAGAATCTCCCAGGCCGTCCTCCCAGCCGGGACAGGAACAGACGGATACGTTGTTGTT 82 
JFNNV           TCGAGAATCTCCCAGGCCGTCCTCCCAGCCGGGACAGGAACAGACGGATACGTTGTTGTT 82 
DLEV            TCGAGAATCTCCCAAGCAGTCCTCGCGGCCGGGGCAGGAACCGACGGATACATCGTCGTT 240 
AH95Ori         TCGAGAATCGCCCAAGCGGTTATCCCAGCTGGCACCGGCACGGACGGATACATCGTGGTT 223 
BFNNV           TCGAGAATCGCCCAAGCGGTTATCCCAGCTGGCACCGGCACGGACGGATACATCGTGGTT 82 
SJNNV           TCACGGATCGCTCAAGCAGTTGTTCCAGCCGGGACAGGAACAGATGGAAAGATTGTCGTC 240 
TPNNV           TCGAGGATTGCCCAGGCAGTGCTCACAGCCGGGACAGGAGCGGACGGATATGTCGTGGTC 82 
                **  * **  * ** ** **  *  * ** **  * **  * ** *** *  * ** **  
 
ETNNV           GACGCAACCATCGTCCCCGACCTCCTGCCACGACTGGGACACGCTGCTAGAATCTTCCAG 300 
RGNNV           GACGCAACCATCGTCCCCGACCTCCTGCCACGACTGGGACACGCTGCTAGAATCTTCCAG 142 
JFNNV           GACGCAACCATCGTCCCCGACCTCCTGCCACGACTGGGACACGCTGCTAGAATCTTCCAG 142 
DLEV            GATTCGACCATCGTCCCCGACATCCTGCCACGACTGGGACACGCTGCTAGAATCTTCCAG 300 
AH95Ori         GACGAAACCATCGTCCCCGAGCTCTTGCCAAGACTGGGATTTGCTGCTAGAATCTTCCAG 283 
BFNNV           GACGAAACCATCGTCCCCGAGCTCTTGCCAAGACTGGGATTTGCTGCTAGAATCTTCCAG 142 
SJNNV           GATTCCACAATCGTTCCAGAACTCCTGCCACGGCTTGGACACGCTGCTCGAATCTTCCAG 300 
TPNNV           AACGAGATCATCGTCCCTGAACTCCTGCCACGGCTTGGACACGCTGCTAGAATCTTCCAG 142 
                 *    *  ***** ** **  ** ***** * ** ***   ****** *********** 
 
ETNNV           CGATACGCTGTTGAAACACTGGAGTTTGAAATTCAGCCAATGTGCCCCGCAAACACGGGC 360 
RGNNV           CGATACGCTGTTGAAACACTGGAGTTTGAAATTCAGCCAATGTGCCCCGCAAACACGGGC 202 
JFNNV           CGATACGCTGTTGAAACACTGGAGTTTGAAATTCAGCCAATGTGCCCCGCAAACACGGGC 202 
DLEV            CGATACACTGTTGAAACATTGGAGTTCGAAGTTCAGCCAATGTGCCCCGCAAACACGGGC 360 
AH95Ori         CGATACGCTGTTGAGACACTGGAGTTCGAAATTCAGCCAATGTGCCCCGCAAACACGGGC 343 
BFNNV           CGATACGCTGTTGAGACACTGGAGTTCGAAATTCAGCCAATGTGCCCCGCAAACACGGGC 202 
SJNNV           CGATACGCTGTTGAAACACTGGAGTTCGAAATTCAGCCAATGTGCCCCGCAAACACGGGC 360 
TPNNV           CGATACATTGTTGAAACACTGGAGTTCGACATTCAGCCAATGTGCCCCGCAAACACGGGC 202 
             ******  ****** *** ******* **  ***************************** 
 
ETNNV           GGTGGTTACGTTGCTGGCTTCCTGCCTGATCCAACTGACAACGATCACACCTTCGACGCG 420 
RGNNV           GGTGGTTACGTTGCTGGCTTCCTGCCTGATCCAACTGACAACGATCACACCTTCGACGCG 262 
 80 
JFNNV           GGTGGTTACGTTGCTGGCTTCCTGCCTGATCCAACTGACAACGATCACACCTTCGACGCG 262 
DLEV            GGTGGTTACGTTGCTGGCTTCCTGCCTGATCCAACTGACAACGACCACACCTTCGACGCG 420 
AH95Ori         GGTGGTTACGTGGCTGGCTTCCTGCCTGATCCAACTGACAGCGACCACACCTTCGACGCA 403 
BFNNV           GGTGGTTACGTGGCTGGCTTCCTGCCTGATCCAACTGACAGCGACCACACCTTCGACGCA 262 
SJNNV           GGTGGTTACGTTGCTGGCTTCCTGCCTGATCCAACTGACAACGACCACACCTTCGATGCG 420 
TPNNV           GGCGGTTACGTTGCTGGCTTCCTGCCTGATCCAACTGACAACGACCACACCTTCGACGCA 262 
                ** ******** **************************** *** *********** **  
 
ETNNV           CTTCAAGCAACTCGTGGTGCAGTCGTTGCCAAATGGTGGGAAAGCAGAACAGTCCGACCT 480 
RGNNV           CTTCAAGCAACTCGTGGTGCAGTCGTTGCCAAATGGTGGGAAAGCAGAACAGTCCGACCT 322 
JFNNV           CTTCAAGCGACTCGTGGTGCAGTCGTTGCCAAATGGTGGGAAAGCAGAACAGTCCGACCA 322 
DLEV            CTTCAAGCGACTCGTGGTGCCGTTGTTGGCAAATGGTGGGAGAGCAGGACAGTACGTCCA 480 
AH95Ori         ATTCAAGCGACTCGCGGTGCGGTCGTTGCCAAATGGTGGGAAAGCAGAACAATCCGACCC 463 
BFNNV           ATTCAAGCGACTCGTGGTGCGGTCGTTGCCAAATGGTGGGAAAGCAGAACAATCCGACCC 322 
SJNNV           CTCCAAGCAACTCGTGGTGCAGTCGTCGCCAAATGGTGGGAAAGTCGAACAGTCCGGCCC 480 
TPNNV           ATTCAAGCAACTCGTGGTGCAGTCGTTGCCAAGTGGTGGGAAAGCAGAACAGTCCGGCCC 322 
                 * ***** ***** ***** ** ** * *** ******** **  * *** * ** **  
 
ETNNV           CAGTACATTCGCACGCTCCTCTGGACCTCGTCGGGAAAGGAGCAGCGTCTCACGTCGCCT 540 
RGNNV           CAGTACACCCGCACGCTCCTCTGGACCTCGTCGGGAAAGGAGCAGCGTCTCACGTCACCT 382 
JFNNV           CAGTACACCCGTACGCTCCTCTGGACCTCGTCGGGAAAGGAGCAGCGTCTCACGTCACCT 382 
DLEV            CAGTACACTCGAACCATGCTCTGGACCTCAACAGGAAAGGAGCAGCGTTTGACTTCACCT 540 
AH95Ori         CAGCATGCCCGCGCACTCCTCTGGACCTCGGTCGGGAAGGAGCAGCGTTTGACATCCCCG 523 
BFNNV           CAGTATGCCCGCGCACTCCTCTGGACCTCGGTCGGGAAGGAACAGCGTTTGACATCCCCG 382 
SJNNV           CAGTATACTCGAACGCTTCTCTGGACCTCAACCGGGAAGGAGCAGCGATTGACATCACCT 540 
TPNNV           CAATATGCTCGAACGCTTCTCTGGACCTCAACCGGCAAGGAGCAGCGTCTGACCTCTCCG 382 
                **  *    **  *  * ***********    ** ***** *****  * ** ** **  
 
ETNNV           GGTCGGCTGATACTCCTGTGTGTCGGCAACAACACTGATGTGGTCAACGTGTCAGTGCTG 600 
RGNNV           GGTCGGCTGATACTCCTGTGTGTTGGCAACAACACTGATGTGGTCAACGTGTCAGTGCTG 442 
JFNNV           GGTCGGCTGATACTCCTGTGTGTCGGCAACAACACTGATGTGGTCAACGTTTCGGTGCTG 442 
DLEV            GGACGCTTCATTCTCCTCTGTGTCGGCAGCAACACTGACGTGGTTAACGTGTCGGTGTTA 600 
AH95Ori         GGCCGGTTGGTACTCCTGTGTGCCGGCAACAACACTGACGTCGTCAACGTGTCAGTGCTG 583 
BFNNV           GGCCGGTTGATACTCCTGTGTGTCGGCAACAACACTGACGTCGTCAACGTGTCAGTGCTG 442 
SJNNV           GGCCGGCTGGTACTCCTGTGTGTTGGCAGCAACACTGATGTTGTCAACGTGTCAGTCATG 600 
TPNNV           GGCCGGCTGATACTCCTGTGTGTCGGCAGCAACACTGATGTGGTCAACGTGTCGGTGCTG 442 
                ** **  *  * ***** ****  **** ********* ** ** ***** ** **  *  
 
ETNNV           TGTCGCTGGAGTGTTCGACTGAGCGTTCCATCTCTTGAGACACCTGAAGAGACCACCGCT 660 
RGNNV           TGTCGCTGGAGTGTTCGATTGAGCGTTCCATCTCTTGAGACACCTGAAGAGACCACCGCT 502 
JFNNV           TGTCGCTGGAGTGTTCGACTGAGCGTTCCGTCTCTTGAGACACCTGAAGAGACCACCGCT 502 
DLEV            TGTCGCTGGAGTGTGGCCCTCAGCGTCCCATCTCTCGAGACGCCTGAGGACACAGCTGCA 660 
AH95Ori         TGTCGCTGGAGTGTACGTCTCAGTGTTCCATCTCTCGAGACACCTGAAGATACATTCGCT 643 
BFNNV           TGTCGCTGGAGTGTGCGTCTCAGTGTTCCATCTCTCGAGACACCTGAAGATACATTCGCT 502 
SJNNV           TGTCGCTGGAGCGTTCGCCTTAGTGTCCCGTCCCTTGAGACACCTGAGGACACCACCGCT 660 
TPNNV           TGTCGCTGGAGTGTGCGCCTTAGTGTCCCTTCTTTGGAAACACCTGAGGAAACATTCGCT 502 
                *********** **     * ** ** ** **  * ** ** ***** ** **    **  
 
ETNNV           CCCATCATGACACAAGGTTCCCTGTACAACGATTCCCTTT-------CCACAACTGACTT 713 
RGNNV           CCCATCATGACACAAGGTTCCCTGTACAACGATTCCCTTT-------CCACAAATGACTT 555 
JFNNV           CCCATCATGACACAAGGTCCCCTGTACAACGATTCCCTTT-------CCACAAACGACTT 555 
DLEV            CCTATTTTGTCACAGGGTCCCCTCTACAACGATTCCCTTG-------CCACATCTGACTT 713 
AH95Ori         CCAATCCTAACCCTGGGACCACTCTACAACGACTCCCTTG-------CACCCAACGATTT 696 
BFNNV           CCAATCCTAACCTTGGGACCACTCTACAACGACTCCCTTG-------CAGCCAATGATTT 555 
SJNNV           CCAATTACTACCCAGGCGCCACTCCACAACGATTCCATTAACAACGGTTACA-CTGGATT 719 
TPNNV           CCAATCACAAGCCAGGGACCGCTGTACAACGATTCCATCA-CAACTGCCACTTCTGGGTT 561 
                ** **          *   * **  ******* *** *            *    *  ** 
 
ETNNV           CAAGTCCATCCTCCTAGGATCCACACCACTGGACATTGCCCCTGATGGAGCAGTCTTCCA 773 
RGNNV           CAAGTCCATCCTCCTAGGATCCACACCACTGGACATTGCCCCTGATGGAGCAGTCTTCCA 615 
JFNNV           CAAGTCCATCCTCCTAGGATCCACACCACTGGACATTGCCCCTGATGGCGCAATCTTCCA 615 
DLEV            TAAATCCATCCTCCTGGGTTCCACACAGCTGGACATATCCCCGGACGGCGCCATCTTCCA 773 
AH95Ori         CAAATCAATACTTCTTGGCTCTACCCAGCTTGACATCGCCCCTGACGGAGCCGTCTATTC 756 
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BFNNV           CAAATCAATACTTCTTGGCTCTACCCAGCTTGACATCGCCCCTGAAGGAGCCGTCTATTC 615 
SJNNV           TCGTTCCATTCTCTTGGGCTCGACCCAACTCGACCTCGCTCCTGCAAACGCTGTCTTTGT 779 
TPNNV           TCGTTCCATCCTCCTTGGCTCTGGTCAGCTTGACATCGCTCCTCCAGGCACTGTCTATTC 621 
                    ** ** **  * ** **    *  ** *** *  * **        *  ***     
 
ETNNV           GCTGGACCGTCCGCTGTCCATTGACTACAGCCTTGGAACTGGAGATGTTGACCGTGCTGT 833 
RGNNV           GCTGGACCGTCCGCTGTCCATTGACTACAGCCTTGGAACTGGAGATGTTGACCGTGCTGT 675 
JFNNV           GCTGGACCGTCCGCTGTCCATTGATTACAGCCTTGGAACTGGAGATGTTGACCGTGCTGT 675 
DLEV            GATGGACCGCCCGCTGTCCATTGATTACAAGCTGGGAACCGGAGATGTTGACCGTGCCGT 833 
AH95Ori         ATTAGATCGGCCGCTGTCCATTGACTACAGTCTGGGCACTGGTGATGTCGACCGTGCCGT 816 
BFNNV           ATTAGATCGGCCGCTGTCCATTGACTACAGTCTGGGCACTGGTGATGTCGACCGTGCCGT 675 
SJNNV           CACTGACAAACCGTTGCCCATTGATTACAATCTTGGAGTGGGCGACGTCGACCGGGCCGT 839 
TPNNV           GATTGACAGACCACTGTCTATCGATTACAACCTGGGAGTTGGTGACGTTGACCGTGCTGT 681 
                    **    **  ** * ** ** ****  ** **    ** ** ** ***** ** ** 
 
ETNNV           TTATTGGCACCTCA---AGAAGTTTGCTGGAAATGCTGGCACA--CCTGCAGGCTGGTTT 888 
RGNNV           TTATTGGCACATCA---AGAAGTTTGCTGGAAATGCTGGCACA--CCTGCAGGCTGGTTT 730 
JFNNV           CTATTGGCACCTCA---AGAAGTATGCTGGAAATACTGGCACA--CCTGCAGGCTGGTTT 730 
DLEV            TTATTGGCACCTCA---AGAAGTTTGCGGGCACTGCCACCACA--CCGGCTGGCTGGTTT 888 
AH95Ori         TTACTGGCATGTGA---AGAAAGTTGCTGGCAATGCGGGAACA--CCTGCGGGGTGGTTC 871 
BFNNV           TTACTGGCATGTGA---AGAAAGTTGCTGGCAATGTGGGAGCA--CCTGCGGGGTGGTTC 730 
SJNNV           GTACTGGCACCTGC---AGAAGAAAGCTGGAGACACTCAGGTA--CCTGCTGGGTACTTT 894 
TPNNV           GTACTGGCACCTGCTCAAGAAGAAAGGTG-----ATCCAAACAACCCTGCAGGCTTCTTG 736 
                 ** *****  *     ****    *  *             *  ** ** ** *  **  
 
ETNNV           CGCTGGGGCATCTGGGACAACTTCAACAAGACGTTCACAGATGGCGTTGCATACTACTCT 948 
RGNNV           CGCTGGGGCATCTGGGACAACTTCAACAAGACGTTCACAGATGGCGTTGCCTACTACTCT 790 
JFNNV           CGCTGGGGCATCTGGGACAATTTCAACAAAACGTTCACAGATGGCGTTGCTTACTACTCT 790 
DLEV            CGCTGGGGCATCTGGGACAACTTCAACAAAACATTCACCGACGGTATCGCTTACTATTCT 948 
AH95Ori         CACTGGGGGCTATGGGATAATTTCAACAAAACATTCACACAGGGCGCTGCCTACTATTCT 931 
BFNNV           CACTGGGGGCTATGGGATAATTTCAACAAAACATTCACACAGGGCGTTGCCTACTATTCT 790 
SJNNV           GACTGGGGACTGTGGGATGACTTTAACAAGACATTCACAGTTGGGGCGCCCTACTACTCC 954 
TPNNV           GATTGGGGATTGTGGGATGATTTCAATAAAGTATTCACGACTGGCGTCGCCTATTACTCC 796 
                   *****  * *****  * ** ** **    *****    **     * ** ** **  
 
ETNNV           GATGAGCAGCCCCGTCAAATCCTGCTGCCTGTTGGCACTGTCTGCACCAGGGTTGACTCG1008 
RGNNV           GATGAGCAGCCTCGTCAAATCCTGCTGCCTGTTGGCACTG-------------------- 830 
JFNNV           GATGAGCAGCCTCGTCAAATTCTGCTGCCTGTTGGCACTG-------------------- 830 
DLEV            GATGAGCAGCCACGCCAGATCCTGCTCCCGGTAGGCACTACCTTCACCAGGGTCGATGCG1008 
AH95Ori         GATGCGCAGCCTCGACAGATCTTGCTGCCAGTGGGCACGCTCTTCACCCGAGCTGACTCG 991 
BFNNV           GATGCGCAGCCTCGACAGATCTTGCTGCCAGTGGGCACGC-------------------- 830 
SJNNV           GACCAGCAACCACGGCAAATCTTGCTGCCGGCTGGCACGCTCTTCACCCGTGTTGACTCG1014 
TPNNV           GACCAGCAGCCTCGGCAGATTTTGCTGCCTGTGGGCACAG-------------------- 836 
                **   *** ** ** ** **  **** ** *  *****                       
 
ETNNV           GAAAACTAA 1017 
RGNNV           --------- 
JFNNV           --------- 
DLEV            GGAAACTAA 1017 
AH95Ori         GGAAACTAA 1000 
BFNNV           --------- 
SJNNV           GAAAACTAA 1023 
TPNNV           --------- 
 
Fig.2.2B. Multiple sequence alignment of the ORF of ETNNV, SJNNV, DLEV, and, T2 
region (variable region) of AH95Ori, BFNNV, JFNNV, JFNNV and TPNNV,             
generated using CLUSTAL W (1.8). Underlined nucleotide sequences refer to the 
















ETNNV           MVRKGEKKLAKPATTKAANPQPRRRANNRRRSNRTDAPVSKASTVTGFGRGTNDVHLSGM 60 
DLEV            MVRKGEKKLAKTATTKAANPQPRRRATNRRRSNRPDAPLAKASTVTGFGRGTNDVHLSGM 60 
SJNNV           MVRKGDKKLAKPPTTKAANSQPRRRATQRRRSGRADAPLAKASTITGFGRATNDVHISGM 60 
                *****:*****..******.******.:****.*.***::****:*****.*****:*** 
 
ETNNV           SRISQAVLPAGTGTDGYVVVDATIVPDLLPRLGHAARIFQRYAVETLEFEIQPMCPANTG 120 
DLEV            SRISQAVLAAGAGTDGYIVVDSTIVPDILPRLGHAARIFQRYTVETLEFEVQPMCPANTG 120 
SJNNV           SRIAQAVVPAGTGTDGKIVVDSTIVPELLPRLGHAARIFQRYAVETLEFEIQPMCPANTG 120 
                ***:***:.**:**** :***:****::**************:*******:********* 
 
ETNNV           GGYVAGFLPDPTDNDHTFDALQATRGAVVAKWWESRTVRPQYIRTLLWTSSGKEQRLTSP 180 
DLEV            GGYVAGFLPDPTDNDHTFDALQATRGAVVGKWWESRTVRPQYTRTMLWTSTGKEQRLTSP 180 
SJNNV           GGYVAGFLPDPTDNDHTFDALQATRGAVVAKWWESRTVRPQYTRTLLWTSTGKEQRLTSP 180 
                *****************************.************ **:****:********* 
 
ETNNV           GRLILLCVGNNTDVVNVSVLCRWSVRLSVPSLETPEETTAPIMTQGSLYNDSLST--TDF 238 
DLEV            GRFILLCVGSNTDVVNVSVLCRWSVALSVPSLETPEDTAAPILSQGPLYNDSLAT--SDF 238 
SJNNV           GRLVLLCVGSNTDVVNVSVMCRWSVRLSVPSLETPEDTTAPITTQAPLHNDSINNGYTGF 240 
                **::*****.*********:***** **********:*:*** :*..*:***: .  :.* 
 
ETNNV           KSILLGSTPLDIAPDGAVFQLDRPLSIDYSLGTGDVDRAVYWHLKKFAGNAGTPAGWFRW 298 
DLEV            KSILLGSTQLDISPDGAIFQMDRPLSIDYKLGTGDVDRAVYWHLKKFAGTATTPAGWFRW 298 
SJNNV           RSILLGSTQLDLAPANAVFVTDKPLPIDYNLGVGDVDRAVYWHLQKKAGDTQVPAGYFDW 300 
                :******* **::* .*:*  *:**.***.**.***********:* ** : .***:* * 
 
ETNNV           GIWDNFNKTFTDGVAYYSDEQPRQILLPVGTVCTRVDSEN 338 
DLEV            GIWDNFNKTFTDGIAYYSDEQPRQILLPVGTTFTRVDAGN 338 
SJNNV           GLWDDFNKTFTVGAPYYSDQQPRQILLPAGTLFTRVDSEN 340 
                *:**:****** * .****:********.**  ****: * 
 
 
Fig. 2.2C. Multiple sequence alignment of amino acid sequences of the ORF of ETNNV, 
DlEV and SJNNV, obtained using Clustal W (1.8). The star (*) indicates that the amino 
acid is conserved in all the three strains. The underlined amino acids indicate the PAN 
























Fig. 2.3. Rooted phylogenetic tree constructed based on the nucleotide sequence of T4 
region (conserved region) in 8 different strains of fish nervous necrosis virus. The BBV 
nucleotide sequence (197-640nt, Accession number-X00956) was used as out-group 
sequence. The tree was constructed using Uniweighted Pair Group Method with 
Arithmetic Mean (UPGMA) in the Phylogenetic Analysis Using Parsimony (PAUP* 4.0) 
software package. Confidence values calculated by bootstrap analysis (1000 replicates) are 
indicated at the major branching points. Branch lengths are proportional to the number of 









Fig. 2.4. Recombinant protein expressed in E. coli Lane-1, Marker; Lane-2, Uninduced 
bacterial lysate; Lane-3, 4 IPTG induced bacterial lysate, Arrow indicates the expressed 























Fig. 2.5. Western blot detection of recombinant coat protein of ETNNV using the rabbit 
antibody against native coat protein. Lanes 1 and 2 - 45 kDa recombinant protein. Lane 3- 











RP (45 kDa) 













Fig. 2.6. PCR detection of pGEM-T- NNVR3 plasmid using primers, CF1 and CR1. Lane, 
1- DNA Ladder (Stratagene); lanes, 2-7- PCR products obtained from 10 fold-serially 



















Several strains of fish nodaviruses affecting marine finfish have been reported till 
date. The nucleotide sequence of RNA molecules of many of these fish nodaviruses has 
been determined (Nishizawa, et al., 1995; Nishizawa et al., 1997; Sideris, 1997; Grotmol 
et al., 2000; Nagai and Nishizawa, 1999; Tan et al., 2001). Based on the nucleotide and 
amino acid sequence analyses it is clear that these fish nodaviruses are more identical to 
one another than to any of the insect nodaviruses (Munday and Nakai, 1997; Munday et 
al., 2002). The objective of our present study was to determine the nucleotide sequence of 
RNA1 and RNA2 of ETNNV and compare their sequence organization with those of other 
nodaviruses. Further, the idea was to use the nucleotide sequence of coat protein gene to 
express the recombinant form of the coat protein of ETNNV in E. coli and to design a 
PCR system for sensitive detection of ETNNV.   
In the present study, 4.3 kb genome segment of this virus, which contains 3007 nt 
of RNA1 and 1368 nt of RNA2 was determined. Sequence analyses revealed that the 
sequenced 3007 nt region of RNA1 contains a large open reading frame encoding a 
protein of 982 aa and two putative ORFs encoding proteins of 111 aa and 75 aa, 
respectively. The large protein (982 aa) contains all the eight conserved motifs identified 
on the RDRP of SJNNV (Nagai and Nishizawa, 1999) and all these motifs are located 
exactly at the same position as on the RNA-dependent RNA polymerase (RDRP) of 
SJNNV. Six of these eight conserved motifs are similar to those found on the RDRP of 
insect nodaviruses. However, these motifs are located at different positions on RDRP of 
insect nodaviruses. Further, the GDD motif, which is the consensus for all the positive 
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sense RNA viruses also exists on the large protein (982 aa) encoded by RNA1 of ETNNV. 
At the amino acid level, the identity of this large protein (982 aa) with the RDRP of 
SJNNV is 87% and the identity with the RDRP of insect nodaviruses, BBV and FHV is 
only 31%. Therefore, it is clear that the large protein (982 aa) encoded by the RNA1 is an 
RNA-dependent RNA polymerase. In addition to the large protein (982 aa), there are two 
putative proteins (B1 and B2) encoded by the 3’ region of the RNA1 of ETNNV 
conforming to the Kozak consensus sequence (Kozak, 1999). The protein B1 (111 aa) is 
encoded by an ORF of 336 nt (2637-2972 nt) and is translated in the same reading frame 
as that of the large protein (982 aa). The protein B2 (75 aa) is encoded by an ORF of 228 
nt (2697- 2925 nt) and translated in the +1 reading frame with respect to the large protein 
(982 aa). Of these two putative ORFs, the ORF coding for protein B2 has more favorable 
Kozak sequence. Furthermore, this ORF is found exactly at the same position as in the 
SJNNV (Nagai and Nishizawa, 1999). As of now, no study has been done to prove the 
existence of these putative proteins. However, Delsert et al. (1997) observed the presence 
of RNA3 of about 400 nt in the cells of sea bass larvae infected with DlEV. Recently, Li 
et al. (2002) have shown that the protein B2 of FHV functions as an inhibitor of RNAi 
activity in Drpsophila cells. Therefore, further studies are required to prove the presence 
and function of the proteins B1 and B2 in the ETNNV.  
The sequenced 1368 nt region of the RNA2 of ETNNV has one open reading 
frame coding for the coat protein of 338 aa, and 351 nt region of 3' UTR (Fig. 2.1B). Two 
stretches of Arginine common to all nodaviruses were identified. The conserved D 
catalytic residue (D75 aa) at position 75 aa, which is known to be involved in capsid 
protein cleavage in insect nodaviruses is also present. The studies on the DlEV coat 
 89 
protein have shown that unlike in the insect nodaviruses, the autocatalytic cleavage of coat 
protein doesn’t occur in fish nodaviruses, even though the D 75 residue exists (Delsert et 
al., 1997). Whether the autocatalytic cleavage occurs in ETNNV as in the DlEV remains 
to be verified. The identity of nucleotide sequence of the RNA2 with the RNA2 of other 
fish nodaviruses is >75%, however, the identity is <29% with the RNA2 of insect 
nodaviruses.  This shows that the ETNNV is more closely related to fish nodaviruses than 
to insect nodaviruses. The phylogenetic analysis of T4 region of ETNNV and that of other 
fish nodaviruses indicates that the ETNNV belongs to the RGNNV clade. Additionally, 
these two viruses share similar neutralization epitopes. However, different neutralization 
epitopes (at least one) exist on the coat protein of ETNNV and the SJNNV (Nishizawa et 
al., 1999). For example, in the corresponding region of the PAN epitope of SJNNV there 
is the PDG epitope on the ETNNV coat protein. Presence of any other epitope/s needs to 
be verified in future by epitope mappling. The RGNNV was originally isolated from red-
spotted grouper from the tropics (Mori et al., 1991) and the nucleotide sequence of the T2 
region of RGNNV was reported (Nishizawa, et al., 1995). The high homology of RGNNV 
with ETNNV suggests that tropical strains are more closely related among themselves 
with respect to their genetic composition. Therefore, in conclusion, from our genome 
analysis it is evident that the ETNNV is a member of the genus Betanodavirus in the 
family Nodaviridae.   
SDS-PAGE analysis of the IPTG induced bacterial lysate showed the expression of 
recombinant protein of 45 kDa. This recombinant protein includes the 42 kDa coat protein 
and 3 kDa of histidine tag. In the western blotting, the rabbit antibody against the native 
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coat protein reacted with the recombinant protein confirming that the linear epitopes are 
retained. 
Several diagnostic methods such as RT-PCR (Nishizawa et al., 1994; Thiery et al., 
1999b; Grotmol et al., 2000), FAT, ELISA (Arimoto et al., 1992; Munday et al., 1994), 
and cell cultures like SSN-1 (Frerichs et al., 1996) and SF cells (Chang et al., 2001) have 
been used for detection of fish nodaviruses. However, all these diagnostics have their own 
disadvantages in the sense that no single technique is optimally suited for detection of all 
the strains of fish nodaviruses, mainly because of the differences in epitopes on coat 
protein, nucleotide sequence of coat protein gene and infectivity of the strain under 
detection. For example, the presence of nucleotide sequence variation within fish 
nodaviruses may result in mismatches between the primers and the sequences of their 
putative binding sites, hence causing suboptimal detection or failure of detection of target 
strain (Nishizawa et al., 1996). In our laboratory, we also observed that some primers 
designed based on the coat protein gene (RNA2) sequence of SJNNV did not yield 
expected PCR product (data not shown). Therefore, strain specific diagnostics are 
necessary for optimal detection of fish nodaviruses. In the present study, using the coat 
protein gene sequence of ETNNV we have designed two primers, CF1 and CR1. Using 
these primers we have designed a PCR for detection of ETNNV. This PCR system can 
efficiently detect as low as 41 cDNA copies of coat protein gene (RNA2) of ETNNV. This 
PCR diagnostic method facilitates the existing SB cell culture based diagnosis for 
detection of ETNNV. The ability of this PCR system to detect other strains of fish nervous 
necrosis virus remains to be tested.               
 




NODAVIRUS INFECTION IN FRESHWATER ORNAMENTAL FISH, GUPPY, 
POICELIA RETICULATA - COMPARATIVE CHARACTERIZATION AND 
PATHOGENICITY STUDIES   
Abstract 
Biochemical, genomic and serological studies were carried out to characterize a virus 
obtained from diseased Guppy, Poicelia reticulata. Purification of this virus was 
performed using CsCl gradient centrifugation. The SDS-PAGE analysis of purified virus 
showed two distinct bands with molecular weight of 42 kDa and 110 kDa. A 1367 
nucleotide region of the coat protein gene was sequenced, which includes one full open 
reading frame of 1017 nucleotides and a region of 350 nucleotides of the 3’end. The 
nucleotide identity of this strain with the Epinephelus tauvina nervous necrosis virus 
(ETNNV) is 98% and with other strains of fish nodaviruses the identity is more than 75%. 
Western blot analysis using rabbit antisera raised against the nodavirus from marine fish, 
E. tauvina confirmed its antigenic similarity to the ETNNV. Asymptomatic infection in 
guppy fry was observed following experimental infection with this virus and the marine 
nodavirus isolate (ETNNV). This implies the possibility of spread of virus across fish 
species in marine and freshwater. This report forms the first description of a nodavirus 
infection in freshwater fish.  
Key words: nodavirus, guppy, comparison, characterization, pathogenicity 
A part of this work has been published in Archives of Virology (2003), 148 (3): 575-586.  
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3.1 Introduction 
Fish nodaviruses have been reported to affect a diverse host range of marine 
finfishes from all parts of the world with the exception of African continent (Munday et 
al., 2002). As shown in the recent reviews and reports, 32 species of finfishes belonging to 
16 families from 5 different orders have been known to be affected by nodaviruses (Bloch 
et al., 1991; Breuil et al., 1991; Mori et al., 1991; Muroga, 1995; Nakai et al., 1995; 
Boonyaratpalin et al., 1996; Grotmol et al., 1997; Munday and Nakai, 1997; Chi et al., 
1999; Lai et al., 2001; Munday et al., 2002). The majority of the fish affected by nodavirus 
are groupers, sea bass and flatfish (Munday et al., 2002). In Singapore, several isolates of 
fish nodaviruses from diseased marine finfishe were obtained (Lim et al., 1997). Chua et 
al. (1995) reported a vacuolating encephelopathy and retinopathy in juvenile greasy 
grouper, Epinephelus tauvina caused by a nodavirus- like agent in Singapore. Recently, we 
have reported a detailed characterization and pathogenicity studies of one isolate from E. 
tauvina (Chapter 1; Hegde et al., 2002). However, as of now there is no report of a 
nodavirus infection in freshwater fishes from any part of the world.  
Singapore is the world’s largest exporter of ornamental fishes, accounting to nearly 
30% of the global ornamental fish trade. During the year 1997, ornamental fishes worth 
S$ 78 million were exported from Singapore (Anon, 1997). Guppy, Poicelia reticulata is 
one of the important freshwater ornamental fishes exported from Singapore. So far, only a 
few diseases of guppy have been reported. Tetrahyamena infection in guppy has been 
reported by Gratzek. (1993). Hedrick and McDowell. (1995) have reported a systemic 
iridovirus- like infection in guppy imported from South East Asia into USA. In this 
chapter, a detailed description of a nodavirus infection in guppy, P. reticulata has been 
presented.  
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During the early half of 2000, several cases of disease outbreak in adult guppy 
were observed in some of the local freshwater fish farms. The clinical signs observed in 
the diseased guppy were listlessness and emaciation. Antibiotic treatments had no effect 
on this disease. RT-PCR detection using the primers specific to fish nodavirus confirmed 
the involvement of a nervous necrosis virus with the diseased fish. Therefore, a detailed 
biochemical, genomic and serological characterization, and pathogenicity studies of this 
virus were carried out to study its relation with ETNNV and other fish nodaviruses.  
 
3.2 Materials and Methods  
3.2.1 Isolation and propagation of virus  
The eye and head tissues were extracted from the diseased guppy and 
homogenized in 1´ PBS. This suspension was spun at 10,000 g to remove the debris. The 
supernatant obtained was filtered through 0.22 mm filter and introduced onto the SB cell 
monolayer grown in Eagles’ Minimum Essential Medium (EMEM) supplemented with 
10% fetal calf serum (Gibco BRL), 0.5% 1 M HEPES (Gibco BRL), 1% L-glutamine-
penicillin-streptomycin solution (SIGMA) (200 mM L-glutamine, 10,000 U penicillin, 10 
mg streptomycin per ml) and 0.266% sodium chloride. The cell monolayer was 
maintained at 25 °C. Upon observation of the cytopathic effects (CPE), the cell 
supernatant was harvested, filtered and introduced onto a fresh SB cell monolayer. After 
four serial passages, the infected cell culture supernatant was harvested and stored at –80 




3.2.2 Determination of TCID50 
TCID50 of the infected cell supernatant was determined using SB cell monolayer as 
explained in chapter one. Briefly, 100 µl of 5 x 105 diluted SB cells were plated into 96 
well flat-bottom polystyrene plates and grown at 25 °C. After 36 h, the medium was 
removed and 20 µl of serial 10-fold diluted virus- infected cell suspension was added to 
wells in 8 replicates. To the control wells, 20 µl of uninfected SB cell suspension was 
added. After 1 h adsorption, 80 µl of EMEM with 5% heat- inactivated fetal calf serum 
(FCS) (MEM5) was added to all the wells and the plates were incubated at 25 °C.  
Development of cytopathic effects was recorded for a period of 7 days. TCID50 was 
calculated using Reed and Muench. (1938) formula.  
3.2.3 Viral purification 
Supernatant from the infected SB cell monolayer was used for virus purification. 
Method of virus purification was as described in chapter one. Briefly, the infected SB cell 
suspension (1 L) was centrifuged at 10,800× g using Kubota RA 300 and the supernatant 
was collected. This suspension was filtered through 0.2 mm filter and centrifuged at 
223,000× g for 2 h with Beckman 90Ti. The collected pellet was suspended in TE buffer 
and loaded onto 25-40% CsCl gradient and the gradient separation was performed at 
145,000× g for 16 h using Beckman SW41Ti swinging bucket rotor. Fractions were 
collected and checked for the virus using 12.5% sodium dodecyl sulphate polyacrylamide 
gel electrophoresis (SDS-PAGE). Fractions containing the virus were diluted ten times in 
distilled water and spun at 197,000×  g (average) in a SW 41 for 90 min. Pellet was 
resuspended in 0.5 ml TE buffer and stored at -80 °C.       
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3.2.4 SDS-PAGE and Western Blotting 
Purified virus was subjected to SDS-PAGE on a 12.5% gel. Ten microlitre of 
purified virus was mixed with equal volume of Laemmli sample buffer (25 ml 1 M Tris 
HCl, pH 6.8, 2 g SDS, 10 ml glycerol, 5 ml mercaptoethanol), heated at 100 °C for 3 min 
and loaded onto SDS-PAGE. The gel was run at 100 V till the gel front reached the 
bottom of the gel. Resolved protein bands were stained with 0.15% Coomassie brilliant 
blue.  
For Western blotting, the virus protein bands resolved on the SDS-PAGE gel were 
transferred onto nitrocellulose membrane at 60 V for 3 h. Nonspecific binding sites on the 
membrane were blocked using 4% non-fat milk powder. After washing three times with 
1x PBS containing 0.1% Tween-20 (PBS-T) the membrane was incubated with 1:500 
diluted rabbit antisera raised against the purified Epinephelus tauvina nervous necrosis 
virus (ETNNV) isolated from a diseased grouper, Epinephelus tauvina. Further, the 
membrane was washed thrice with PBS-T and incubated with 1:10,000 diluted goat anti-
rabbit antibody conjugated to alkaline phosphatase (Sigma). Dilution of antibodies was 
performed in PBS-T with 1% BSA. Colour was developed using the substrate, NBT-BCIP 
(Roche).  
3.2.5 RNA isolation, RT-PCR, cloning and sequencing 
Total RNA from the virus infected cells was extracted using Trizol reagent 
(GIBCO BRL) and used as a template for RT-PCR. cDNA was synthesized using the 
cDNA preparation kit (Stratagene). PCR was performed using the primers designed based 
on the sequence data of coat protein gene (RNA2) in ETNNV (refer chapter two) and 
other fish nervous necrosis virus isolates. Primers, F2-R3 (Nishizawa et al., 1994), F0- R0 
(Sideris, 1997), NNVR3 (Nakai et al., 1995) and CF1-CR1were used to obtain the coat 
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protein gene products. PCR reaction mixture containing 3 ml of the cDNA, 5 ml of 10x 
Taq DNA polymerase buffer with 2mM MgCl2, 0.4 ml of 100 mM mixed dNTPs, 1 ml 
each of 10 mM primers in 50 ml of final volume was heated for 91 oC for 5 min and 
immediately cooled to 54 oC for 5 min. Further, the reaction was kept at 94 oC for 45 sec, 
55 oC for 45 sec and 72 oC for 1 min. Reaction included 30 cycles with a final extension 
for 10 min at 72 oC. PCR products were analyzed using 1.25% agarose gel electrophoresis.  
PCR products obtained were excised from the gel and purified using GFX gel band 
purification kit (Amersham Pharmacia Biotech Inc.). Further, the products were ligated to 
pGEM-T easy vector (Progema) and transformed into E. coli strain JM109. Double-strand 
sequencing of the cloned DNA fragment was performed using the Automated DNA 
Sequencer ABI PRISM 377 (Perkin Elmer), according to the manufacturer’s protocol. 
This sequence was submitted to GenBank with the accession number AF499774. 
3.2.6 Sequence analysis 
Homology search for related sequences in the GenBank database was carried out 
using BLAST (Altschul et al., 1990). Sequence analysis was performed using DNASIS 
and DNASTAR. Multiple alignment of sequences was done using CLUSTAL W 
(Thompson et al., 1994).  Phylogenetic analysis with other strains of fish nervous necrosis 
virus was performed using Uniweighted Pair Group Method with Arithmetic Mean 
(UPGMA) in the Phylogenetic Analysis Using Parsimony (PAUP* 4.0) software package. 
 
3.2.7 Experimental infection of guppy fry 
Immersion infection experiment of guppy fry (0.1 g average weight) was carried 
out using this guppy virus isolate and the marine nodavirus isolate (ETNNV). Guppy fry 
 97 
obtained from a local farm were acclimatized to laboratory condition and divided into 
three groups of 40 guppy fry each. The first group was treated with guppy virus 
(105.8TCID50) and the second group was treated with marine virus isolate (105.8TCID50). 
The last group (control) was treated with 1:20 diluted normal SB cell culture supernatant. 
Experiments were conducted in 0.6 L round plastic tubs maintained at 25 oC. Fifty percent 
of the water from the tubs was replaced with freshwater after 4 h, 12 h, 24 h post-
infection, and thereafter on every alternative day. Moribund fish were collected for RT-
PCR examination. Experiment was conducted for a period of 15 days.  
 
3.3 Results 
3.3.1 Cytopathic effects 
The monolayer of SB cells (Fig. 3.1A) infected with homogenate of diseased 
guppy exhibited typical cytopathic effects such as formation of granulated cells, rounding 
of cells, localized cell death and lifting of the monolayer of cells within 5 days post-
infection (Fig. 3.1B). The TCID50 of the infected SB cell supernatant was 107.0. 
 
3.3.2 SDS-PAGE and Western Blotting 
SDS-PAGE analysis of the purified GNNV proteins resolved two major 
polypeptides, one of approximately 42 kDa and the other of 110 kDa (Fig. 3.2, Lane 2 and  
4). In Western blot analysis, the rabbit antisera raised against the pure ETNNV reacted 
with both 42 kDa and 110 kDa proteins of GNNV (Fig. 3.3A, lane - 3), and with the 
recombinant coat protein expressed in E. coli (Fig. 3.3A, lane- 4). Rabbit antisera against 








Fig. 3.1. Cytopathic effects of GNNV on SB cells. A.  Nromal SB cell monolayer grown 
on EMEM with 10% fetal calf serum for 3 d. Cells were maintained at 25 °C. 
.Magnification - 432 X.  
B. Monolayer of SB cells showing CPE (arrows) upon infection with GNNV for 3 d. 



























Fig. 3.2. SDS-PAGE stained with Coomasie Blue. Lane 1- Prestained protein marker 
(Bio-rad); Lane 2 - NNV isolated from E. tauvina  (arrow indicates the coat protein); Lane 
3 - Recombinant coat protein expressed in Escherichia coli  (arrow); Lane 4 – NNV 





































Fig. 3.3A. Western blotting showing the serological relation between GNNV and ETNNV. 
Membrane was treated with rabbit antibodies raised against purified ETNNV. Lane 1 – 
Prestained protein marker (Bio-rad); Lane 2 – Purified ETNNV (arrow indicates 42 kDa 
coat protein); Lane 3 – Purified GNNV (arrows indicate 42 kDa coat protein and 110 kDa 
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Fig. 3.3B. Western blotting showing the serological relation between GNNV and ETNNV. 
Western blot membrane was treated with rabbit antibodies raised against the native coat 
protein of ETNNV. Lane 1 – Recombinant coat protein (45 kDa) (small arrow); Lane 2 – 
Purified ETNNV (long arrow indicates 42 kDa coat protein); Lane 3 – Purified GNNV 
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3.3.3 RT-PCR, sequencing and analysis of coat protein gene  
PCR products of size approximately 420 bp, 560 bp, 1017 bp and 1384 bp were 
obtained using the primers sets, F2-R3, CF1-CR1 and F0- R0 and F0-NNVR3, 
respectively (Fig. 3.4). The sequenced 1367 nt region of the coat protein gene (RNA2) 
includes one open reading frame (ORF) of 1017 nt and 350 nt of 3' untranslated region 
(UTR) (Fig. 3.5). This ORF codes for a protein of 338 aa with a calculated molecular 
weight of 37.17190 kDa. The N-terminus of the coat protein is rich in basic amino acids 
comprising 9 arginines and 6 lysines in the beginning 50 amino acids. Two stretches of 
Arginine, one at 23-25 aa and the other at 29-31 aa on the coat protein, which is common 
to all fish nodaviruses were identified. In the deduced amino acid sequence the aspartic 
acid residue in position 75 (D75 aa) that is common to all nodaviruses is present. This 
represents a part of catalytic site in the cleavage of coat protein of insect nodaviruses. The 
1367 nt region of RNA2 of Guppy nervous necrosis virus (GNNV) is very much similar in 
sequence organization to RNA2 of other fish nodaviruses. Complete ORF of GNNV is 6 
nucleotides shorter than that of the striped Jack nervous necrosis virus (SJNNV) (Fig. 
3.5). A small region of 21 nt starting at the position 1090 nt of RNA2 (Fig. 3.5) exists on 
GNNV. This additional nucleotide sequence region is common to GNNV, Dicentrarchus 
labrax nervous necrosis virus (DlEV), Atlantic Halibut nervous necrosis virus 
(AH95NorA) and ETNNV but it is absent in SJNNV. However, a region of 6 nt at 
position 732 on SJNNV does not exist on GNNV. Nucleotide identity in the ORF of 
GNNV with the ORF of SJNNV is 75.5% and with other viruses it is more than 98% 
(Table- 3.1). The identity in the ORF with the insect virus, Black Beetle Virus (BBV) is 
53%.  The phylogenetic analysis of T4 region (conserved region) of GNNV with other 
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Table. 3.1.  Comparison of nucleotide and amino acid sequences in the open reading frame 
of different fish nervous necrosis viruses. Similarities were obtained using DNASTAR.  
1-Dicentrarchus labrax encephalitis virus; 2-Dragon nervous necrosis virus; 3-
Epinephelus tauvina nervous necrosis virus; 4-Guppy nervous necrosis virus; 5-Malabar 































Fig. 3.4. Detection of NNV infection on SB cells. Total RNA was extracted from the virus 
infected SB cells and reverse transcribed to cDNA using Superscript kit (Gibco BRL). 
PCR was performed using the primer pairs, F0-R0, CF1-CR1 and F2-R3. Lane 1 - DNA 
ladder (Stratagene), Lanes 2, 3 and 4 – RT-PCR products obtained from ETNNV infected 
SB cells using primers pairs, F0-R0, CF1-CR1 and F2- R3; Lanes 5, 6 and 7– 

















1   ATGGTACGCAAAGGTGATAAGAAATTGGCAAAACCCGCGACCACCAAGGCCGCGAATCCGCATCCCCGCCGACGTGCTAACAATCGTCGGCGTAGTAATC  100                          
1    M  V  R  K  G  D  K  K  L  A  K  P  A  T  T  K  A  A  N  P  H  P  R  R  R  A  N  N  R  R  R  S  N     34                                              
101 GCACTGACGCACCTGTGTCTAAGGCCTCGACTGTAACTGGATTCGGACGTGGGACCAATGAAGTCTATCTCTCAGGTATGTCGAGAATCTCCCAGGCCGT  200                                                      
34   R  T  D  A  P  V  S  K  A  S  T  V  T  G  F  G  R  G  T  N  E  V  Y  L  S  G  M  S  R  I  S  Q  A  V  67                                                               
201 CCTCCCAGCCGGGACAGGAACAGACGGATACGTTGTTGTTGACGCAACCATCGTCCCCGACCTCCTGCCACGACTGGGACACGCTGCTAGAATCTTCCAG  300                                                                       
67   L  P  A  G  T  G  T  D  G  Y  V  V  V  D  A  T  I  V  P  D  L  L  P  R  L  G  H  A  A  R  I  F  Q    100 
                                                                                                                                          
301 CGATACGCTGTTGAAACACTGGAGTTTGAAATTCAGCCAATGTGCCCCGCAAACACGGGCGGTGGTTACGTTGCTGGCTTCCTGCCTGATCCAACTGACA  400                                                                                        
101  R  Y  A  V  E  T  L  E  F  E  I  Q  P  M  C  P  A  N  T  G  G  G  Y  V  A  G  F  L  P  D  P  T  D    134                                                                                                 
401 ACGATCACACCTTCGACGCGCTTCAAGCAACTCGTGGTGCAGTCGTTGCCAAATGGTGGGAAAGCAGAACAGTCCGACCTCAGTACACCCGCACGCTCCT  500                                                                                                         
134 N  D  H  T  F  D  A  L  Q  A  T  R  G  A  V  V  A  K  W  W  E  S  R  T  V  R  P  Q  Y  T  R  T  L  L  167                                                                                                                  
501 CTGGACCTCGTCGGGAAAGGAGCAGCGTCTCATGTCACCTGGTCGGCTGATACTCCTGTGTGTCGGCAACAACACTGATGTGGTCAACGTGTCAGTGCTG  600                                                                                                                          
167   W  T  S  S  G  K  E  Q  R  L  M  S  P  G  R  L  I  L  L  C  V  G  N  N  T  D  V  V  N  V  S  V  L   200                                                                                                                                   
601 TGTCGCTGGAGTGTTCGACTGAGCGTTCCATCTCTTGAGACACCTGAAGAGACCACCGCTCCCATCATGACACAAGGTTCCCTGTACAACGATTCCCTTT  700                                                                                                                                          
201  C  R  W  S  V  R  L  S  V  P  S  L  E  T  P  E  E  T  T  A  P  I  M  T  Q  G  S  L  Y  N  D  S  L    234                                                                                                                                          
701 CCACAACTGACTTCAAGTCCATCCTTCTAGGATCCACACCACTGGACATTGCCCCTGATGGAGCAGTCTTCCAGCTGGACCGTCCGCTGTCCATTGACTA  800                                                                                                                                          
234 S  T  T  D  F  K  S  I  L  L  G  S  T  P  L  D  I  A  P  D  G  A  V  F  Q  L  D  R  P  L  S  I  D  Y  267                                                                                                                                          
801 CACCCTTGGAACTGGAGATGTTGACCGTGCTGTTTATTGGCACCTCAAGAAGTTTGCTGGAAATGCTAGCACACCTGCAGGCTGGTTTCGCTGGGGCATC  900                                                                                                                                          
267   T  L  G  T  G  D  V  D  R  A  V  Y  W  H  L  K  K  F  A  G  N  A  S  T  P  A  G  W  F  R  W  G  I   300                                                                                                                                          
901 TGGGACAACTTCAACAAGACGTTCACAGATGGCGTTGCCTACTACTCTGATGAGCAGCCCCGTCAAATCCTGCTGCCTGTTGGCACTGTCTGCATCAGGG 1000                                                                                                                                          
301  W  D  N  F  N  K  T  F  T  D  G  V  A  Y  Y  S  D  E  Q  P  R  Q  I  L  L  P  V  G  T  V  C  I  R    334                                                                                                                                          
1001TTGACTCGGAAAACTAACCGGGTCATCCGGTTCCCTAGTGCGTATCGTTGATGACCAATTTGAACAATTGATTAAAGCACTAACAAACATAAATAAAGAA 1100                                                                                                                                          
334 V  D  S  E  N  *                                                                                      338                                                                                                                                                                    
 
1101ATACAAACAAACAAAACTGAAATTGGAAAGAATAGAAGCGAAATTGAATCACTCGCTAGCAAATTAAACGACAAAGCACCCAAGGAGGGTGCGATTGCTA 1200                                                                                                                                          
1201TTGTTGGTACCCTTGACGGCGTACCGGCTCGCTTGAAGGCCTATACACGGCTGGAAGCGCGCCGCGTGCTTAATTGGGTGCCAGTGGTACCAGTCCGTAT 1300                                                                                                                                          
1301 CCAACGCCGAGGAAGTCCTCTTTGGGCTGTTGGGTTACCCGTAGCTCCGCGCAGGGAGCACCACCGC                                  1367 
 
 
Fig. 3.5. Nucleotide and (shown as DNA) deduced amino acid sequence of the coat protein gene (RNA2) of GNNV. Two 
stretches of Arginine residues common to all nodaviruses, which are assumed to partic ipate in the binding of the genomic RNA 
to the internal capsid wall are underlined. 
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These two viruses share 98.2% nucleotide identity in their T4 region. In the ORF, the 
amino acid identity of GNNV with that of SJNNV is 80.2% and with other viruses it is 
more than 96.7% (Table. 3.1). At the conserved region (83-216 aa), the identity with 
SNNNV is 95.5% and in the variable region the identity is 64.2%.  
 
3.3.4 Experimental infection  
In the virus infection experiment no significant difference between the cumulative 
mortality of the control and infected groups was observed. The RT-PCR performed on 
moribund fry using the primer set F2-R3 confirmed NNV presence, as early as three days 
post-infection.  Further, we confirmed the NNV presence in the fry sampled on 10th day 
post-infection, however, we did not observe any clinical signs characteristic of VNN 




A wide range of marine finfishes have been reported to be affected by fish nervous 
necrosis viruses from many parts of the world (Bellance  and Gallet de Saint- Aurin, 1988; 
Yoshikoshi and Inoue, 1990; Munday et al., 1994; Munday et al., 2002). However, there is 
no report of nodavirus infection in freshwater fishes so far, except an experimental 
infection in Tilapia, Oreochromis mossambicus (Peters) (Skliris and Richards, 1999). In 
the present study, a virus isolated from diseased freshwater ornamental fish, guppy, P. 
reticulata was characterized and its pathogenicity studies in guppy were carried out. 





















Fig. 3.6 Rooted phylogenetic tree constructed based on the nucleotide sequence in the T4 
region (conserved region) of different nervous necrosis virus strains. The BBV nucleotide 
sequence (197-640nt, Accession number-X00956) was used as out-group sequence. The 
tree was constructed using Uniweighted Pair Group Method with Arithmetic Mean 
(UPGMA) in the Phylogenetic Analysis Using Parsimony (PAUP* 4.0) software package. 
Confidence values calculated by bootstrap analysis (1000 replicates) are indicated at the 
major branching points. Branch lengths are proportional to the number of nucleotide 
differences. Viruses used for analysis are DlEV (Y08700), RGNNV (D38636), ETNNV 
(AF281657), GNNV (AF499774), Dragon nervous necrosis virus (AF245004), Malabar 
Nervous necrosis virus (AF245003), JFNNV (D38527), Atlantic halibut nervous necrosis 
virus – (designated here as AhNNV) (AJ245641), BFNNV (D38635), SJNNV 





Infection of SB cells with tissue homogenate of virus infected guppy induces cytopathic 
effects such as formation of granulated cells, rounding of cells, localized cell death and 
lifting of the monolayer of cells within 3-5 days post-infection. These cytopathic effects 
were similar to those observed on SB cells upon infection with ETNNV (Singapore strain) 
(Chapter 1; Hegde et al., 2002). Furthermore, the maximum TCID50 observed in the 
GNNV infected SB cell culture supernatant also corresponds to that of ETNNV on the 
same culture cells. The PCR products of size, 420 base pair and 1384 bp, obtained using 
the primer pairs F2-R3 and F0-NNVR3 respectively, were also similar to those of SJNNV 
(Nishizawa et al., 1994) and Atlantic halibut nodavirus (AH95NorA) (Grotmol et al., 
2000). The SDS-PAGE analysis of the purified GNNV proteins resolved two major 
polypeptides, one of approximately 42 kDa and the other of 110 kDa. These two proteins 
correspond to the coat protein (42 kDa) and the non-structural protein (110 kDa) described 
in other fish nodaviruses, such as SJNNV (Mori et al., 1992), fish encephalitis viruses 
(FEV) (Comps et al., 1994) and ETNNV (Chapter 1; Hegde et al., 2002).  
A 1367 nt region of the coat protein gene (RNA2) of the GNNV has been 
sequenced and analyzed here. The comparison of nucleotide sequence in the open reading 
frame region of the coat protein gene of GNNV with that of insect and other fish 
nodaviruses, shows that there is only 53% identity with the insect nodavirus (BBV) but 
more than 75% identity with fish nodaviruses. The sequence similarity with the ETNNV 
(Singapore strain) was 98.7%. This kind of high sequence similarity among fish 
nodaviruses compared to their similarity with insect nodaviruses was also reported by 
Nishizawa et al. (1997) based on the phylogenetic analysis of coat protein gene of 25 
strains of fish nervous necrosis viruses isolated from various parts of the world. The 
phylogenetic analysis of the T4 region (conserved region) of the coat protein gene of 
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GNNV with that of the other fish nodaviruses shows that the GNNV belongs to the 
RGNNV type cluster that was proposed by Nishizawa et al. (1997) as one of the four type 
clusters of fish nodaviruses.  
Therefore, based on the results of cell culture isolation and RT-PCR diagnosis and, 
biochemical and genomic characterization studies, we confirm that the virus isolated from 
the diseased guppy is a strain of nodavirus, belonging to the RGNNV type cluster. To our 
knowledge, this forms the first report of isolation of a nodavirus from a freshwater fish.  
In our Western blot analysis, the rabbit antisera raised against the purified ETNNV 
reacted strongly with 42 kDa and 110 kDa proteins of GNNV and with the recombinant 
coat protein of ETNNV expressed in E. coli. Additionally, the rabbit ant ibody against the 
native coat protein of ETNNV also reacted with the 42 kDa protein GNNV. This shows 
that there is a close antigenic similarity between ETNNV and GNNV. Furthermore, the 
rabbit antisera raised against the purified ETNNV and the coat protein of ETNNV 
effectively neutralized the GNNV infection onto the SB cells (data shown in Chapter 4), 
which further confirms their antigenic similarity. Likewise, significant antigenic similarity 
was also observed between the viruses from striped jack, barramundi, European sea bass, 
Japanese parrot fish and redspotted grouper using a rabbit antiserum based fluorescent 
antibody technique (FAT) (Mori et al., 1992; Munday et al., 1994). Comps et al. (1996) 
also demonstrated antigenic relatedness between the nodaviruses causing disease in sea 
bass, barramundi, turbot and shi drum. However, using monoclonal antibody against 
SJNNV, Nishizawa et al. (1995) presented evidence to suggest difference between the 
neutralizing epitopes on the coat protein of SJNNV and other viral nervous necrosis 
agents. Whether this difference will also occur in GNNV when compared with other fish 
nodavirus remains to be elucidated.  
 110 
In the artificially- infected guppy fry, we confirmed the presence of NNV (both 
ETNNV and GNNV) using RT-PCR analysis as early as 3 days post-infection, however, 
we did not observe any clinical signs characteristic of the viral nervous necrosis. This 
suggests that the GNNV infects the guppy without inducing any clinical signs. This type 
of latent infection status of NNV in fishes showing no clinical signs of nervous necrosis 
disease has also been recorded in some other fish species such as tilapia and brown 
meager. Recently,  Skliris and Richards (1999) have demonstrated the presence of NNV in 
healthy tilapia undergoing experimental infection. Using RT-PCR analysis, Dalla Valle et 
al. (2000) also observed NNV infection in the brown meager, Sciaena umbra. L., showing 
no signs of viral nervous necrosis disease. Further studies using high dose of virus 
infection or different modes of infection are required to verify whether it can induce 
characteristic viral nervous necrosis disease in guppy.  
Results in this section show that there is high similarity between GNNV and 
ETNNV but both of these viruses are unable to induce clinically distinct nervous necrosis 
disease in guppy fry. This leads us to speculate that the NNV would have spread from the 
marine fish (grouper, E. tauvina) to freshwater fish (guppy, P. reticulata). If this is true, 
the point remains to be proven as to how this spread has occurred. In fact, sufficient 
evidence has been shown for horizontal transmission of NNV based on the laboratory 
infection trials in marine fish species. For example, horizontal transmission of NNV has 
been demonstrated experimentally, by placing healthy striped jack with diseased larvae 
(Arimoto et al., 1993), by treating healthy fish in water containing infected tissue 
homogenate (Glazebrook et al., 1990; Arimoto et al., 1993; Grotmol et al., 1999; Tan et 
al., 2001), and by addition of virus purified from diseased fish (Nguyen et al., 1996), or 
virus grown in SSN-1 cells, to the fish holding tanks (Peducasse et al., 1999). Horizontal 
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transmission of NNV has also been demonstrated through asymptomatically infected 
fishes such as seabream, Sparus aurata (Castric et al., 2001) and sea bass (Le Breton et 
al., 1997). It has to be pointed out here that this horizontal transmission of NNV through 
asymptomatically infected fishes has entirely occurred in the marine environment. 
Therefore, further experiments have to be carried out to determine whether there is a 
possibility that NNV is transmitted from marine to freshwater fishes. But one cannot rule 
out the possibility that there is also an indigenous strain of nodavirus in the freshwater 



















EVALUATION OF RECOMBINANT COAT PROTEIN OF NERVOUS 
NECROSIS VIRUS AS A CANDIDATE VACCINE IN FISH  
Abstract 
Potential use of recombinant coat protein of nervous necrosis virus as a candidate vaccine 
was evaluated by immunization of guppy, Poicelia reticulata, blue gouramy, Trichogaster 
tricopterus and rabbit. In vitro neutralization of guppy nervous necrosis virus (GNNV) 
and Epinephelus tauvina nervous necrosis virus (ETNNV) was performed using the 
antisera from immunized rabbit and blue gouramy, and whole-body extract of immunized 
guppy. Results showed that the rabbit polyclonal antisera against purified ETNNV, native 
coat protein of ETNNV and Escherichia coli expressed recombinant coat protein of 
ETNNV can effectively neutralize the GNNV and ETNNV. Pre-adsorption of rabbit 
polyclonal antisera against native coat protein of ETNNV with the recombinant coat 
protein reduced the virus neutralization by one log dilution, which suggests that the coat 
protein of ETNNV is a potential candidate for developing vaccine against nervous 
necrosis virus. Freshwater fish, guppy and blue gouramy were immunized with the 
recombinant coat protein and formalin- inactivated ETNNV. In vitro neutralization studies 
using the whole-body extract of immunized guppy and antisera from immunized gouramy 
showed that the recombinant coat protein of ETNNV induces the neutralizing antibody 
response in fish.  
Key words: immunization, in vitro neutralization, rabbit, gouramy, antisera, guppy, 
whole-body extract 
A part of this work has been published in Aquaculture (2002). 213: 51-72.  
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4.1 Introduction 
Betanodaviruses affect larvae and juveniles of a wide variety of marine finfish 
(Munday and Nakai, 1997; Munday et al., 2002). They are icosahedral viruses with a 
mean diameter of 25 nm and belonging to the family Nodaviridae (Chapter 1; Comps et 
al., 1994; Hegde et al., 2002; Mori et al., 1992). Epidemiological studies, diagnosis and 
preliminary immunization against NNV have paved way for some means of control of 
viral nervous necrosis (Munday et al., 2002). Effective control of viral nervous necrosis 
through selective exclusion of virus- infected larvae and brood-stock has been shown to be 
possible (Mushiake et al., 1994; Breuil et al., 2000; Watanabe et al., 2000). Disinfection of 
fish larvae with low levels of ozone (Arimoto et al., 1996) and iodine (Arimoto et al., 
1996; Grotmol and Totland, 2000), and hatchery utensils with sodium hypochlorite, 
benzalkonium chloride or iodine is useful for the control of NNV (Arimoto et al., 1996). 
However, it has to be noted that although these measures ensure exclusion of virus at 
hatchery stage, it is not possible to exclude the chance of fry being infected at the grow-
out stage. Therefore, immunization might offer a useful control measure for effective 
management of this viral disease. Of late, several research groups around the world are 
involved in developing a suitable immunization programme for viral nervous necrosis 
(Munday et al 2002). 
In the recent years, recombinant DNA technology has been widely used for 
development of novel vaccines, which are collectively termed as ‘recombinant DNA 
based vaccines’ or ‘new generation vaccines’. Using recombinant DNA technology, 
several economically viable recombinant protein vaccines of fish viruses, such as, 
Infectious pancreatic necrosis virus (IPNV) (Christie, 1997), Viral heamorrhagic 
septicaemia virus (VHSV) (Lorenzen and Olesen, 1997) and Infectious hematopoietic 
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necrosis virus (IHNV) (Leong and Fryer, 1993) have been developed. In general, the 
development of a recombinant protein vaccine starts with identification of the 
immunogenic subunit or protein from the pathogen of interest, and verification of its 
immunogenicity in vivo and in vitro. For example, the purified glycoproteins from IHNV 
(Engelking and Leong, 1989) and VHSV (Lorenzen et al., 1990) were shown to be 
immunoprotective, and further these two proteins were used for recombinant protein 
vaccine production. Several immunization studies using the recombinant coat protein of 
fish nervous necrosis virus have also been reported (Nakai, 2000; Tanaka et al., 2001; 
Husgard et al., 2001), however, as of now none of such vaccines has been 
commercialized. Furthermore, the efficacy of these vaccines has only been tested in 
marine fish.  
Therefore, in the present study we proposed to identify the immunogenic protein of 
ETNNV and to test the efficacy of the E. coli expressed recombinant form of this protein 
as a candidate vaccine in freshwater fish guppy, Poicelia reticulata and gouramy, 
Trichogaster tricopterus.  
 
4.2 Materials and Methods  
4.2.1 Formalin inactivation of ETNNV 
ETNNV-infected SB cell culture supernatant was concentrated by lyophilization to 
10 6 TCID 50. One hundred mililitre volume of this supernatant was mixed with equal 
volume of 1.2% formalin and left at room temperature for 4 d for virus inactivation. One 
hundred mililitre of 35% Na2S2O5 was added to this mixture to neutralize the formalin. 
Further, it was dialyzed twice against 1× PBS to remove formalin and Na2S2O5. 
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Inactivation of virus was confirmed by the absence of CPE on SB cell monolayer upon 
infection with this mixture.   
 
4.2.2 Preparation of recombinant coat protein for immunization 
4.2.2.1 Preparation of crude bacterial lysate 
M15 strain of E. coli carrying the pQE-31 (Qiagen) plasmid ligated with virus coat 
protein gene was grown overnight at 37 oC in 10 ml of LB broth. This culture was 
inoculated to a 1 L of LB broth containing ampicillin (100 mg/ml) and kanamycin (25 
mg/ml) and grown for 2 h to get 0.6 optical density reading at 600 nm wavelength. 
Expression of recombinant coat protein in the culture was induced using IPTG at 1 mM 
concentration and grown for another 6 h at 37 oC. Bacteria were pelletized and 
resuspended in 1×PBS for immunization. Concentration of bacteria was determined by 
optical density reading using a spectrophotometer (Shimazu, UV 120-20). This value was 
further authenticated by total bacterial count performed on LB agar plates. 
 
4.2.2.2 Preparation of pure recombinant protein 
Recombinant protein was purified by 6xHis affinity chromatography using the Ni-
NTA agarose beads (Qiagen). After 6 h of induction at 37 0C, bacteria were pelletized and 
resuspended in 60 ml of denaturing lysis buffer (8 M Urea, 100 mM NaH2PO4, 10 mM 
Tris- HCl, pH 8). This lysate was sonicated for 2 min at 200-300 w with 10 sec pauses and 
spun at 14,000× g for 20 min followed by centrifugation at 14,000× g for 20 min. The 
supernatant was incubated with 10 ml of 50 % Ni- NTA Superflow slurry and loaded onto 
the column and washed with wash buffer (8 M Urea, 100 mM NaH2PO4, 10 mM Tris-
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HCl, pH 6.3). The recombinant protein was eluted out in 8 ml of elution buffer (buffer D)  
(8 M Urea, 100 mM NaH2PO4, 10 mM Tris- HCl, pH 5.9) followed by elution with 8 ml 
of buffer E (8 M urea, 100 mM NaH2PO4, 10 mM Tris- HCl, pH 4.5). Eluted fractions 
were checked for presence of recombinant protein using 12.5% SDS-PAGE. Fractions 
containing recombinant protein were pooled and dialyzed against 4 M Urea followed by 
dialysis against 1 M Urea and 1x PBS. This purified recombinant protein was used for 
immunization.   
4.2.3 Immunization of gouramy 
Three-spot blue gouramy, Trichogaster tricopterus of 10 g average size were 
brought from Mainland Tropical Fish Farm, Singapore and acclimatized to laboratory 
condition in dechlorinated water at 26-28 0C. Fish were fed with commercial food pellet at 
a rate of 1 % body weight per day. Five groups of 40 fish each were used for 
immunization by intramuscular injection. Of these five groups, one group was injected 
with 1× PBS, which served as negative control. Of the remaining four groups, one group 
was injected with formalin- inactivated ETNNV. Eighty microlitres of 1:1 mixed 
inactivated virus-FCA mixture was injected to each fish in this group. Two groups of fish 
received either the induced or the non- induced bacteria (M15) prepared as explained 
before. The induced and non- induced bacteria were resuspended in 1×PBS to get 0.5 value 
of optical density at 600 nm wavelength. Forty microlitre volume of each of these 
bacterial suspensions (either induced or uninduced) were mixed with 40 µl of FCA and 
injected intramuscularly to each fish. Fish in another group were injected with 80 µl of 
purified recombinant protein-FCA mixture (1:1). Each fish in this group received 20 µg of 
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purified recombinant protein. Booster injection for all the groups was given six weeks 
after the first injection.  
Six fish from each group were sacrificed for collection of sera on 10 d, 20 d, 35 d 
and 110 d after the first injection. Fish were bled from the caudal vein located at the 
ventral base of the spinal cord. Caudal peduncle of the sampled fish was severed with a 
sharp scalpel and a haematocrit capillary tube (Red tip, Oxford Labware, USA) was 
placed at the cut end of the caudal vein to collect the blood. It was allowed to clot 
overnight at 4 0C and centrifuged at 2,300× g for 20 min to collect serum. Sera from six 
fish in each group were pooled and used for virus neutralization studies.  
 
4.2.4 Immunization of guppy 
Adult guppy, Poicelia reticulata were obtained from Teo Wei Yong and Sons, 
Singapore and acclimatized to dechlorinated water maintained at 23-25 0C for three 
weeks. Fish were distributed in 4 groups for immersion immunization. Each group 
comprised 50 females and 50 males maintained in separate 50 L tanks. The first group was 
treated with normal SB cell suspension. The remaining three groups were treated with 
formalin- inactivated ETNNV, uninduced E. coli lysate and induced E coli lysate prepared 
as explained above. Prior to immunization, the fish were treated with 2 % salt solution for 
10 min. Normal SB cell suspension was diluted 20 times in dechlorinated fresh water for 
immunization. Fish in the first group were immersed in 2 L of this suspension for 1h. The 
second group of fish was immersed in 100 × diluted formalin- inactivated ETNNV for 1h. 
The third and fourth groups were treated with induced and uninduced bacterial lysate, 
respectively. Bacterial lysate was diluted to 106/ ml bacterial count in 2 L of freshwater 
and fish were immersed in this suspension for 1h. After 1 h of treatment, the fish were 
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transferred to 20 L tanks along with the suspensions. Water was exchanged with 
freshwater after 1 day and then once every five days. Booster immunization was given on 
21 d and 90 d after first immunization. Whole body-extracts of immunized guppy were 
collected on 18 d, 35 d and 100 d after the first immunization. Three male and 3 female 
fish were collected from each treatment for ana lysis. The gastrointestinal tissues were 
removed from the sampled fish and the remaining tissues were homogenized in MEM10 
and centrifuged at 2500× g for 45 min. The supernatant was filtered through 0.2 µm filter 
and used for in vitro neutralization.  
 
4.2.5 In vitro neutralization of ETNNV and GNNV with rabbit antibody 
Rabbits were immunized using purified ETNNV, native coat protein and 
recombinant coat protein of ETNNV as explained previously. Serially-diluted rabbit 
antisera against purified ETNNV, native coat protein and recombinant coat protein were 
mixed with equal volume ETNNV diluted to 104 TCID 50 or GNNV diluted to 103.5 
TCID50. These neutralization mixtures were left at 4 0C overnight. Culture medium 
(MEM10) from monolayers of SB cell culture grown in 96-well flat-bottom polystyrene 
plates was removed and 20 ml of antisera-virus mixture was added to wells. Positive 
control wells received 20 ml of 104 TCID 50 ETNNV or 103.5 TCID 50 GNNV. The 
negative control wells received 20 ml of 1:10 diluted normal serum. After 1 h of 
adsorption at 250C, the wells were filled with 80 ml of Minimum Essential Medium with 
5% FCS (MEM5). Development of CPE in the wells was recorded for a period of 7 days. 
Positive neutralization was determined as the highest serum dilution, which demonstrated 
the arrest of cytopathic effect.  
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To demonstrate the importance of coat protein of ETNNV for virus infectivity, we 
pre-adsorbed the 1:10 diluted rabbit polyclonal antisera against the purified ETNNV and 
native coat protein of ETNNV with the recombinant protein at a concentration of 300 
mg/ml and kept overnight at 4 0C. Equal amount of these pre-adsorbed antisera and 104 
TCID50 diluted ETNNV were mixed and left overnight at 40C for neutralization. This sera-
virus mixture was used for in vitro neutralization as explained above.  
 
4.2.6  In vitro virus neutralization with gouramy antisera and guppy whole-
body extract  
The gouramy antisera and guppy whole-body extract were serially two-fold diluted 
and mixed with equal volume virus infected SB cell supernatant and left overnight at 4 0C. 
Culture medium (MEM10) from monolayers of SB cell culture grown in 96-well flat-
bottom polystyrene plates was removed and 20 ml of antisera-virus/whole-body extract-
virus mixture was added to wells. Positive control wells received 20 ml of 103 TCID 50 
GNNV. The negative control wells received 20 ml of 1:10 diluted normal gouramy serum 
or normal guppy whole-body extract. After 1 h of adsorption at 25 0C, wells were filled 
with 80 ml of Minimum Essential Medium with 5% FCS (MEM5). Development of CPE 
was recorded for a period of 7 days. Positive neutralization was determined as the highest 
serum dilution, which demonstrated the arrest of cytopathic effect.  
4.3 Results 
The rabbit antisera raised against purified ETNNV, native coat protein and the 
recombinant coat protein effectively neutralized both ETNNV and GNNV, but not 
equally. Rabbit antisera against the purified virus neutralized the infectivity of ETNNV up 
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to 1:10,000 dilution and the antisera against the coat protein neutralized the virus at the 
maximum dilution of 1:100 dilution (Table-4.1A). The rabbit antisera against the 
recombinant coat protein neutralized the ETNNV at a maximum of 1:64 dilution. The 
GNNV was also neutralized using rabbit antisera against purified ETNNV, native coat 
protein and recombinant coat protein at a maximum dilution of 1:1024, 1:100 and 1:64 
respectively. Negative control wells treated with 1: 10 diluted antisera did not show any 
cell death and the normal rabbit serum did not neutralize the virus infection. In the 
neutralization assays using pre-adsorbed rabbit antisera against purified ETNNV and coat 
protein, the virus neutralization was reduced by one log dilution (Table- 4.1B).          
 
4.3.1 In vitro neutralization of virus infectivity using antisera from gouramy 
and whole body-extract from immunized guppy 
Antisera from immunized gouramy on 20 d, 35 d, and 110 d after first 
immunization neutralized the GNNV in our in vitro neutralization experiments (Table-
4.2A). Neutralizing antibodies were observed in fish immunized with induced bacterial 
lysate and inactivated ETNNV as early as 20 day post immunization (dpi). In the samples 
collected on 20 dpi, the antisera from gouramy immunized with induced bacteria and 
inactivated ETNNV showed neutralization at 1:64 dilution. Neutralizing antibodies were 
observed in all the samples collected on 35 dpi. Neutralization was also observed when 
virus was reacted with antisera from normal gouramy, antisera from gouramy immunized 
with 1x PBS, and uninduced bacterial lysate. Therefore, the specific neutralization was 
considered positive only when the effect was observed in dilutions more than 1:20. 
Maximum neutralizing antibody response was observed in fish immunized with 
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recombinant protein followed by that in induced bacterial lysate and inactivated-ETNNV 
immunized fish (Table- 4.2A).    
In case of guppy, neutralizing antibody response was observed in all the four 
immunized fish groups, on all the sampling days, viz, 18 dpi, 35 dpi and 100 dpi. Highest 
neutralizing antibody response was observed in the fish immunized with induced bacterial 
lysate (Table- 4.2B). Neutralizing antibody response in the fish immunized with 
inactivated ETNNV was similar to that in the fish immunized with induced bacterial 
lysate. Virus neutralization was also recorded when the virus was reacted with the whole-
body extract from normal guppy, and with the extracts from fish immunized with normal 
cell suspension, and with uninduced bacterial lysate. Therefore, the neutralization effect 
observed in dilutions more than 1:32 was only considered positive.       
4.4 Discussion 
Genomic and antigenic similarity among fish nodaviruses has been shown by 
several researchers (Nakai et al., 1994; Nguyen et al., 1994; Delsert et al., 1997; Grotmol 
et al., 1997; Nishizawa et al., 1997; Nishizawa et al., 1999). We have previously reported 
that the marine nodavirus isolate, ETNNV and the freshwater isolate, GNNV are closely 
related at both genomic and antigenic levels (Chapter 1 and 3; Hegde et al., 2002; Hegde, 
et al., 2003). On the basis of this high similarity between ETNNV and GNNV, and their 
closeness to other fish nodaviruses, we decided to use rabbit polyclonal antisera to 
neutralize the virus infectivity in vitro. Our results showed that the rabbit antisera against 
purified ETNNV, native coat protein and recombinant protein can neutralize the virus 
infectivity in vitro. In addition, the rabbit antisera against ETNNV and native coat protein 
when pre-adsorbed with the recombinant protein reduced the neutralization ability of 








Table- 4.1A. In vitro virus neutralization using rabbit antisera (ETNNV: Epinephelus 
tauvina nervous necrosis virus, GNNV: guppy nervous necrosis virus) 
 





Antisera against native 





Highest dilution of 
antisera showing 
virus neutralization 
Highest dilution of 
antisera showing virus 
neutralization 
Highest dilution of 
antisera showing 
virus neutralization 
ETNNV 104 10000x 100x 64x 






Table- 4.1B. In vitro neutralization of ETNNV (104 TCID50) using the pre-adsorbed rabbit 
polyclonal antisera 
 
Antisera  Highest dilution of antisera showing virus neutralization  
 
Before adsorption                         After adsorption 
With recombinant protein              with recombinant protein 
Polyclonal antiserum 
against the whole virus  
10–4                                                      10-3 
Polyclonal antiserum 
against the coat protein 







Table- 4.2A. In vitro neutralization of GNNV using immunized gouramy antisera.  
 
Dilution of antisera showing 
neutralization of 103 TCID50 GNNV   
Antisera collected from immunized 
gouramy  
20 dpi 35 dpi 110 dpi 
 
Antisera from normal fish 1:5 1:5  
 
Antisera from gouramy injected with  
1× PBS  
Nil 1:20 Nil 
 
Antisera from gouramy immunized with 
uninduced bacterial lysate  
1:16 1:20 Nil 
Antisera from gouramy immunized with 
induced bacterial lysate  
1:64 1:80 1:64 
Antisera from gouramy immunized with 
purified recombinant protein  
ND 1:40 1:256 
Antisera from gouramy immunized with 
inactivated ETNNV  
1:64 1:80 1:32 
Foot note- dpi: Days after first immunization. ND: Not done. 
 
 
Table- 4.2B. In vitro neutralization of GNNV and ETNNV using immunized guppy 
whole-body extract. dpi: days after first immunization. 
 
Dilution of antisera 
showing neutralization of 
103 .5TCID50 GNNV   
Dilution of antisera 
showing neutralization of 
104 TCID50 ETNNV   
Antisera collected from 
immunized guppy 
18 dpi 35 dpi 
 
100 dpi 18 dpi 35 dpi 100 dpi 
Whole-body extract from 
normal guppy 
1:4 ND ND 1:4 ND ND 
Whole-body extract from 
guppy immunized with 
normal cell suspension  
1:8 1:8 
 
1:8 1:32 ND ND 
Whole-body extract from 
guppy immunized with  
uninduced bacterial lysate  
1:8 1:16 1:16 1:8 ND ND 
Whole-body extract from 
guppy immunized with  
induced bacterial lysate  
1:256 1:256 
 
1:256 1:256 ND 1:256 
Whole-body extract from 
guppy immunized with 
inactivated ETNNV  
1:64 1:256 1:128 1:64 ND 1:256 
Foot note- dpi: Days after first immunization. ND: Not done. 
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infectivity, and its role in inducing the neutralizing antibodies. Similar finding showing 
the in vitro neutralization of YGNNV using monoclonal antibodies directed against the 
coat protein was also reported by Lai et al. (2001). The rabbit antisera raised against the 
ETNNV, native coat protein and recombinant coat protein of ETNNV also neutralized 
GNNV in vitro suggesting that both these viruses share similar immunogenic epitopes on 
their coat proteins. However, some difference was also observed in neutralization of 
GNNV and ETNNV using the rabbit antisera against purified ETNNV (Table-4.1A) 
suggesting that there could be variation in the epitopes of these two viruses. Nevertheless, 
these observations show that the coat protein of ETNNV is a potential candidate to be 
used as vaccine to immunize fish against these two nervous necrosis viruses. Based on this 
evidence we decided to evaluate the use of E. coli expressed recombinant coat protein of 
ETNNV as a candidate vaccine in fish.  
In our earlier study, we have shown that the ETNNV can cause typical viral 
nervous necrosis in sea bass and induce asymptomatic infection in freshwater fish, guppy 
(Chapter 3; Hegde et al., 2003). As it was difficult for us to maintain the sea bass larvae in 
our laboratory, we have chosen the freshwater fish, guppy and gouramy as model fish for 
our immunization study. We have analyzed the specific humoral immune response of 
these two fishes towards the recombinant protein and compared it with their response 
towards formalin- inactivated ETNNV.  
In case of injection immunization of gouramy, the neutralizing antibody response 
was observed from 20 dpi onwards and it was recorded untill 110 dpi. Antisera collected 
on 20 dpi, from the fish immunized with induced bacteria, and inactivated-ETNNV 
showed the neutralization of GNNV at a maximum of 1:64 dilution. Highest neutralization 
antibody response at 110 dpi was observed in serum from fish immunized with purified 
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recombinant protein followed by that in the sera from fish immunized with induced 
bacterial lysate, and inactivated-ETNNV. These results are similar to those shown in the 
earlier experiments against recombinant coat protein of NNV, where in the neutralizing 
antibody response was recorded following immunization (Nakai et al., 1995; Nakai et al., 
2000; Husgard et al., 2001; Tanaka et al., 2001; Yuasa et al., 2002). The neutralizing 
antibody response in the immunized gouramy remained high even at 110 dpi, which 
suggests a possible long-term effect of immunization in fish. Similar to this observation, 
Husgard et al. (2001) also showed a long-term effect of immunization in Atlantic halibut, 
Hippoglossus hippoglossus following immunization with recombinant coat protein of 
SJNNV. However, the difference compared to previous reports lies in the model fish used 
for immunization in the present study. All the earlier reports have used marine fishes for 
their immunization, but, we have used freshwater fishes. To our knowledge, the present 
study forms the first report of immune response of freshwater fish towards formalin-
inactivated ETNNV or its the recombinant coat protein.  
In our immersion immunized guppy also we have observed neutralizing antibody 
response to induced bacterial lysate containing the crude recombinant protein, and to the 
inactivated ETNNV, on all the sampling days (18 dpi, 35 dpi and 100 dpi). Furthermore, 
as in the immunized gouramy, the neutralizing antibody response remained high over a 
period of 100 dpi suggesting the possibility of long term protection. The immune response 
in the guppy immunized with crude recombinant coat protein was higher than that in those 
immunized with inactivated-ETNNV. This is again similar to the response in gouramy, 
where in we have shown that the neutralizing antibody response to purified recombinant 
protein is higher than that towards the formalin inactivated ETNNV. However, it should 
be noted that the neutralizing antibody response of both gouramy and guppy is low when 
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compared with earlier observations of immunization against NNV (Husgard et al., 2001). 
This difference could be due to the fact that the model fish used for immunization were 
different, or because of the difference in methods employed for antigen preparation. 
Improving the immune response towards the recombinant protein should be attempted 
using different methods of protein purification, and different protein expression hosts.  
As of now there are no reports on specific neutralizing antibody response of fish 
towards either inactivated vaccine of nervous necrosis viruses or their recombinant coat 
protein by immersion immunization.  Earlier immunization experiments against NNV are 
based on injection immunization (Nakai., 2000; Tanaka et al., 2001; Husgard et al., 2001). 
But the fact that the nervous necrosis virus causes disease, generally in fish at a very early 
age makes it necessary to understand the immune response in fish following the 
immersion immunization.  Previously, the study of Huang et al. (2001) showed the 
presence of specific antibodies to the capsid protein in the body exudate of 3-5 g size 
barramundi, Lates calcarifer (Bloch) after 6 days of infection with GGNNV. However, the 
presence of neutralizing antibody response was neither demonstrated nor quantified. 
Therefore, the present observation forms the first description of immune response of fish 
towards immersion immunization using the inactivated-NNV or its recombinant coat 
protein. This kind of neutralizing antibody response has been shown only in other fish 
viral diseases, for example in IHNV, following immersion immunization with the 
recombinant protein of GNNV in trout (Gilmore et al., 1988). The immersion mode of 
immunization following the osmotic shock proved to of benefit even when used with 
killed bacterin preparations (Antipa et al., 1980).  
  Previous immunization experiments in seven band grouper, Epinephelus 
septemfaciatus and humpback grouper, Cromileptes altivelis (Valenciennes) following 
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immunization with E. coli expressed recombinant coat proteins of RGNNV genotype 
strains have shown neutralizing antibody response (Tanaka et al. 2001 and Yuasa et al. 
2002). Furthermore, the neutralizing antisera from immunized humpback grouper was 
only specific to the RGNNV genotype suggesting that there exists a difference in 
neutralizing epitopes between various genotypes of NNV (Yuasa et al., 2002). In our in 
vitro neutralization assays we have shown that the antisera from immunized gouramy and 
whole-body extract from immunized guppy can neutralize GNNV and ETNNV both of 
which belong to the RGNNV genotype (Hegde et al., 2003). However, it still remains to 
be proven that this response is only specific to RGNNV genotype. 
Although, from our immunization studies it is clear that the preparations used are 
immunogenic in fish, whether they also offer protection against the nervous necrosis virus 
remains to be evaluated. This is especially so since there is evidence that the neutralizing 
antibody response does not necessarily equate the protective response (Bootland, et al., 
1995). Therefore, further studies are required to confirm that the recombinant protein of 











GENERAL CONCLUSIONS AND FUTURE DIRECTIONS 
 
Since the last decade, the viral disease in marine fish caused by nervous necrosis 
virus (NNV) has been a major problem in marine hatcheries (Munday and Nakai, 1997; 
Munday et al., 2002). The causative agent, NNV has been characterized and classified as a 
member of the genus Betanodavirus in the family Nodaviridae (Mori et al., 1992; Comps 
et al., 1994). Development of effective vaccine against VNN is a major goal of many 
researchers around the world (Munday et al., 2002). Several preliminary reports have 
shown the potential use of recombinant coat protein as a vaccine for prevent ion of VNN 
(Nakai, 2000; Husgard et al., 2001; Tanaka et al., 2001). In the present study, we have 
characterized a nodavirus isolated from the marine fish grouper, Epinephelus tauvina 
(designated as ETNNV) and evaluated the efficacy of E. coli expressed recombinant coat 
protein of this virus as a vaccine in fish. Major conclusions from this study are as follows: 
 
1) The Epinephelus tauvina nervous necrosis virus (ETNNV) isolated from diseased 
marine fish, grouper, E. tauvina was cultured in sea bass (SB) cell line, characterized, and 
its pathogenicity studies were carried out. Morphological and biochemical characterization 
showed that it is an icosahedral virus with a mean diameter of 28-30 nm and has buoyant 
density of 1.30-1.35 g/ml. SDS-PAGE analysis of purified virus structural proteins 
resolved one major polypeptide of approximately 42 kDa. Upon infection on sea bass 
larval (SB) cell line, this virus induces cytopathic effects, such as rounding and 
granulation of cells, localized cell death and detachment of cells within 3-5 days. It 
replicates exclusively in the cytoplasm and forms paracrystalline array and inclusion 
 129 
bodies in the infected cells. Pathogenicity of this virus on sea bass larvae showed that it 
induces histopathological changes typical of VNN in nervous tissues of infected sea bass 
larvae.  
 
2) The nucleotide sequence of RNA1 and RNA2 of the ETNNV was determined by RT-
PCR, cloning and sequencing. The sequenced 4.3 kb genome segment of this virus 
contains 3007 nucleotides of RNA1 and 1368 nucleotides of RNA2. The 3007 nt region of 
RNA1 contains one large open reading frame (ORF) coding for an RNA-dependent RNA 
polymerase of 982 amio acids (protein A) and two putative ORFs coding for proteins B1 
and B2 of 111 aa and 75 aa, respectively. The protein A contains 8 conserved motifs of 
RNA-dependent RNA polymerase and the GDD motif, which is the consensus sequence 
of positive strand RNA viruses. The 1368 nucleotide region of RNA2 includes one ORF 
of 1017 nt coding for the virus coat protein of 338 aa, and a stretch of 351 nt in its 3’ 
untranslated region. Comparison of nucleotide sequence of RNA2 with that of other 
nodaviruses showed that the ETNNV is more closely related to fish nodaviruses than to 
insect nodaviruses. The coat protein of ETNNV encoded by RNA2 was expressed as a 
recombinant protein in Escherichia coli.  
 
3) Biochemical, genomic and serological studies of a closely related virus (designated as 
GNNV) obtained from diseased freshwater fish, guppy, Poicelia reticulata were carried 
out and compared with ETNNV. The SDS-PAGE analysis of purified virus showed two  
distinct bands with molecular weight of 42 kDa and 110 kDa. A 1367 nucleotide region of 
the coat protein gene was sequenced, which includes one full open reading frame of 1017 
nucleotides and a region of 350 nucleotides of the 3’end. The nucleotide identity of this 
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strain with the ETNNV is 98 %, and with other strains of fish nodaviruses the identity is 
more than 75 %. Western blot analysis using rabbit antisera raised against the ETNNV 
confirmed its antigenic similarity to the ETNNV. Asymptomatic infection in guppy fry 
was observed following experimental infection with this virus and the marine nodavirus 
isolate (ETNNV). This implies that the NNV might have spread from marine to freshwater 
fish.  
 
4) Potential use of E. coli expressed recombinant coat protein of ETNNV as a vaccine was 
evaluated by immunization of guppy, Poicelia reticulata, blue gouramy, Trichogaster 
tricopterus and rabbit. In vitro neutralization of guppy nervous necrosis virus (GNNV) 
and ETNNV was performed using the antisera from immunized rabbit and blue gouramy, 
and whole-body extract of immunized guppy. Results showed that the rabbit polyclonal 
antisera against purified ETNNV, native coat protein of ETNNV and Escherichia coli 
expressed recombinant coat protein of ETNNV can effectively neutralize the GNNV and 
ETNNV. Freshwater fish, guppy and blue gouramy were immunized with the recombinant 
coat protein and formalin inactivated ETNNV. In vitro neutralization studies using the 
whole-body extract of immunized guppy and antisera from immunized gouramy showed 
that the recombinant coat protein of ETNNV can be used as a candidate vaccine in fish.  
 
Therefore, from our characterization studies it is evident that the ETNNV is a 
member of the genus Betanodavirus in the family Nodaviridae. Immunization experiments 
showed that the E. coli expressed recombinant protein can be used as a vaccine in fish.  
However, there are many areas of research that remain to be addressed in the future for 
better understanding of the molecular biology of this virus and developing an optimal  
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recombinant protein vaccine to prevent the infection. Compared to our understanding of 
alphanodaviruses, little is known about the molecular biology and structural aspects of 
betanodaviruses. Much remains to be done to elucidate the functions of coat protein, 
precursors of coat protein, RNA-dependent RNA polymerase and the hypothetical proteins 
encoded by RNA1. Similarly, little is known about the entry of virus into the cell, its 
replication and exit out of the cell. Of late, structural studies have shown that the fish 
nodaviruses significantly differ from insect nodaviruses and share some similarities with 
members of the tombusvirus and calicivirus groups (Lin et al., 2001; Tang et al., 2002). 
Therefore, further structural studies are required to better understand the functional 
aspects of virus encoded proteins and evolution of nodaviruses.  
Pathogenicity studies of betanodaviruses have revealed that they affect the central 
nervous system of the infected host. However, the route and mode of entry of virus into 
the fish, important for a better understanding of pathogenicity and for developing suitable 
immunization schedule, are not yet clear.  
Advances in the field of molecular biology have profoundly affected the 
development of fish vaccines in the last decade. Immunogenic proteins from several fish 
viruses have been identified as candidates for vaccine development (Engelking and Leong, 
1989; Lorenzen et al., 1990). In case of betanodaviruses, the coat protein has been shown 
to be immunogenic and a suitable candidate for vaccine development. Our immunization 
experiments and previous reports (Nakai, 2000; Husgard et al., 2001; Tanaka et al., 2001) 
have shown the development of specific humoral response following immunization with 
recombinant coat protein of NNV. However, these studies have not looked into the 
cellular immune response which forms the first line of defence in naive fish following 
viral infection. Hence, it is essential to study the cellular immune response of fish towards 
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NNV to develop a useful vaccine. Additionally, little is known about the effect of 
neutralizing antibodies on virus-clearance. It is also worth examining the passive 
protection offered by specific antibodies against NNV. The immune response in fish has 
been shown to be genotype specific (Yuasa et al., 2002). Whether the same holds true for 
all genotypes of betanodavirus remains to be proven. Further, it is useful to study the 
efficacy of synthetic peptide vaccines based on the conserved region fragments of the coat 
protein. Preliminary immunization studies of Somerset et al. (2001) have reported that 
DNA vaccine against NNV was not successful. However, we are of the opinion that it is 
worthwhile pursuing efficacy study of DNA vaccines against NNV.  
Earlier immunization trials were based on the injection mode of immunization. 
However, the NNV is a major problem of larvae and juveniles of marine fish, hence the 
injection mode is not an ideal method of immunization. Therefore, it is necessary to 
develop protocols which involve immersion and oral immunization. Ontogeny studies to 
find out the earliest age at which the fish can be immunized need to be done. 
Immunization of brood-stock fish to find out if the specific immune response can be 
passed on to the offspring is also an area which needs attention. All these studies will aid 
in developing a suitable vaccine useful for large scale application in the field.   
 
Although immunization is the best way to prevent the disease it should be 
complemented by appropriate management methods. Epidemiological studies have shown 
that the transmission of VNN occurs by both horizontal (Arimoto et al., 1993; Peducasse 
et al., 1999) and vertical routes (Arimoto et al., 1992; Comps et al., 1996). Therefore, 
current methods of control are aimed at exclusion of virus infected brood-stock from 
hatcheries (Mushiake eat al., 1994) and elimination of virus from fish culture areas (Nakai 
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et al., 1995; Arimoto et al., 1996; Grotmol and Totland, 2000). However, the natural 
routes of transmission of virus and the possibility of inapparent carriers shedding the virus 























APPENDIX: MEDIA AND REAGENTS  
 
Eagles’ minimum essential medium for SB cells 
EMEM - 9.4  g  (dilute in 800 ml distilled water) 
Hepes or Tris (1M) - 5.0 ml 
2.67 % NaCl  - 10 ml 
Adjust pH to 7.4 with 7 % NaHCO3 
Make up to 890 ml, sterile filter (0.2 µm) and add  
Heat inactivated FCS - 100 ml, 
Penicillin streptomycin - L Glutamine - 10 ml 
 
30 % Acrylamide stock solution (per 200 ml) 
Acrylamide - 30 g  
N,N’ Methylenebisacrylamide - 0.8 g 
TMED - 10 µl 
Make up to 100 ml with distilled water 
 
1 % Ammonium persulphate 
Ammonium persulphate - 0.1 g  






5X  SDS-PAGE electrode running buffer (per 1 L) 
Tris base - 3.03 g  
Glycine - 14.4 g  
Sodium dodecyl sulphate - 1 g  
Adjust pH to 8.3, make up to 1 L with distilled water 
 
Tris-SDS stock buffer pH 6.8 (per 1 L) 
Tris base - 39.4 g  
Sodium dodecyl sulphate - 2 g 
Make up to 1 L with distilled water 
 
Tris-SDS stock buffer pH 8.8 (per 1 L) 
Tris base - 118.2 g 
Sodium dodecyl sulphate - 2 g 
Make up to 1 L with distilled water 
 
SDS-PAGE sample buffer (20 ml) 
Tris-SDS stock solution (pH 6.8) - 5 ml 
Sodium dodecyl sulphate - 2 g 
Glycerol - 10 ml 
1 % Bromophenol blue - 200 µl 
ß-2-mercaptoethanol - 1 ml 
Make up to 20 ml 
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Western blot Transfer buffer (2 L) 
Glycine - 28.8 g  
Tris base - 6.05 g 
Methanol - 400 ml  
Make up to 2 L with distilled water 
 
Coommassie blue staining solution (50 ml) 
Coommassie brilliant blue - 0.15 g 
Methanol/ethanol - 15 ml 
Glacial acetic acid - 15 ml 
Distilled water - 20 ml 
 
Coommassie blue destaining solution (50 ml) 
Methanol/ethanol - 15 ml 
Glacial acetic acid - 15 ml 
Distilled water - 20 ml 
 
Silver stain developer (100 ml) 
Sodium carbonate - 2.5g 
Formalin - 100 µl 





Farmer’s reducer (200 ml) 
Sodium thiosulphate - 0.6 g 
Potassium ferricyanide - 0.3 g 
Sodium carbonate - 0.1 g 
Make up to 200 ml with distilled water 
 
NBT - BCIP substrate buffer  
Tris HCl - 100 mM (pH 9.5)   
NaCl - 100 mM 
MgCl2 - 5 mM 
 
Tris buffered saline  (per 1 L) 
Tris - HCl -  6.35 g 
Tris base - 1.18 g 
NaCl - 8.77 g 
 
10X Phosphate buffered saline (per 1 L) 
NaCl - 72 g 
Na2HPO4 - 14.8 g 






TN buffer (1 L) 
Tris base - 20 mM - 2.422 g 
NaCl - 9 g  
Adjust pH to 7.4 using HCl 
 
10x TAE- Buffer (per 2 L) 
Tris base - 96.88 g 
Sodium Acetate - 13.6 g 
EDTA - 7.44 g 
Adjust pH to 7.6, Make up to 2 L with distilled water  
 
Tris borate EDTA buffer pH 8.3 (1 L) 
Tris base - 12.114 g 
Boric acid - 6.183 g 
EDTA - 0.748 g  
 
LB - kanamycin agar ( per 1 L) 
LB agar - 1 L 
Autoclave and cool to 55 oC 
Add 50 mg filter sterilized kanamycin 





NZY agar (1 L) 
NaCl - 5 g 
MgSO4.7 H2O - 2 g 
Yeast extract - 5 g 
NZ amine (casein hydrolysate) 
Agar - 15 g 
Add deionised H2O to a final volume of 1 L 
Adjust pH to 7.5 g 
Autoclave  
Pour onto plates 
 
NZY broth (1 L) 
NaCl - 5 g 
MgSO4.7 H2O - 2 g 
Yeast extract - 5 g 
NZ amine (casein hydrolysate) 
Add deionised H2O to a final volume of 1 L 








Buffers for prepation of competent cells 
TFB1 
RbCl - 100mM 
MnCl2 - 50mM 
Potassium acetate - 30 mM  
CaCl2 - 10 mM 
Glycerol - 15 % 




MOPS - 10 mM 
RbCl - 10 mM 
CaCl2 - 75 mM 
Glycerol - 15 % 
Adjust pH to 6.8 with KOH 
sterile filter 
 
Buffers for purification of recombinant protein  
Lysis buffer  
NaH2PO4 - 50 mM 
NaCl - 300 nM 
Imidazole - 10mM, pH 8.0 
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Denaturing lysis buffer  
Urea- 8 M  
NaH2PO4 - 100 mM 
Tris - HCl - 10 mM,  pH 8 
 
Wash buffer 
Urea - 8 M  
NaH2PO4 - 100 mM,  
Tris-HCl - 10 mM, pH 6.3 
 
Elution buffer (buffer D) 
Urea - 8 M 
NaH2PO4 - 100 mM 
Tris - HCl - 10 mM, pH 5.9 
 
Elution buffer (Buffer E) 
Urea - 8 M 
NaH2PO4 - 100 mM 
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